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A  RESUME  OF  STAN'DAKD  METHODS  IX   SAMl'LIXG,  ANALYSIS  AND 

CLASSIFICATION  OF  COAL. 


I3v  A.  TiJEvoii  \ViLLi.\Ms,  M.Sc,  B.A. 


Thiii  paper  is  presented  with  a  view  of 
providing  a  resume  of  recent  work  carried 
out  on  coal  analysis  by  reliable  authorities 
in  England  and  America. 

In  itself  it  is  hoped  that,  the  paper  will 
bo  found  useful  in  giving  a  fair  insight  into 
the  contents  of  the  niorr  detaile<l  works 
from  which  the  references  have  been 
aU~'  i;   if  it   kindles  a  desire   for  more 

exii-.  -..  •  infonnation,  the  enumeration  of 
the  references  niav  offer  themselves  as  a 
useful  index. 

Gener.illy  speaking,  recent  research  w<M"k 
on  c^jal  ha-i  been  of  a  two-fold  nature.  On 
the  one  hand  that  of  the  progressive  and 
wientifte  ■■  •  '-.rators  has  been  essentially 
uiiiTi'    coi.  1     with     the     very    complex 

chemical  ntructure  of  coal,  whereas  the 
'rial    aii   '     '      '  '  '       ••    con- 

'vith    •  ,>m\<.  of 

an;i  enable    a   meai^ure    t'l 

^y  of  coal  in  the  light  of 


The 

HOd     tl 

,,f,,l    . 


t'»    he 

'I 


nii-thod  of  taking  a  Mumple  of  coal 

of   the    anil    conf '  ' 

so   vital    that    it    i 

■  emphuKlHo  the  details 

'  ird  ineth<KlM, 

nine   value   is 

Ko  obtainerl. 

be*  opened  uft  under  tlire<- 


I 


uni 


d  with  an  apr>endix. 
the    fufidiiineiitiil    ini|>ort 


Kesearcli  Association,  who  in  the  preface  to 
a  bulletin,  published  under  the  auspices  of 
the  above-named  Association,  bv  its  direc- 
tor, Mr.  F.  S.  Sinnatt,  in  1911),  on  'The 
Sampling  of  Coal  "   ('),   states:  — 

■'  The  sampling  of  coal  is  the  most  vital 
feature  in  arriving  at  its  true  value,  and 
unless  merchants,  consunieis  and  col- 
lieries agree  to  a  standard  method  it  is 
useless  to  attempt  to  buy  and  sell  coal 
on  the  basis  of  its  calorifie  value  ami 
clu'iiiical  analysis. " 

III  this  he  is  unaniiiiously  supported  by 
all  reliable  authorities.  It  is  thought  that 
it  would  be  of  interest  to  bring  together  the 
()piiii<:iis  exj)resscd  on  this  nuitter  by  Eng- 
lish and  American  research  assoeiatioiis  and 
authorities. 

The  bulletin  referred  to  (loc.  cit.)  is  prob- 
ably the  most  recent  publication  on  this 
subject,  based  on  actual  leseanli  and 
encpiiry.  and  for  this  reason  mucli  that  is 
iiMprirtant  iji   it  has  been   abstracted. 

Ilciciii,    re(,'ar<lini,'   "  the   pnticifilr   under- 
ifhuj   htwpUuij   ami   its   pi>H»iilr    errors  "    it 
iated  that : 
■  To    be    truly    rcpiesentati\c    (jf    tli'- 
whole  weight  of  any  consigninent  of  coal, 
a  siiiiiple  should   not   only  contain  a  por- 
tion from  e\ery  dilTeicnt  part  of  the  coal, 
but  iiIm)  the  correct   pioportions  of  large 
iind    Nriiall    coal    and    of   large    and    Hinall 
picc.'M  of  foreiu-n  matter  anrl  impurities." 
TIm-     crr«)rH     introduced     by     the     above 
reipiiretnents     being     overl»j<.)keil     nrc     far 
'     -tcr    thiin    thoHe    pohHJble    by    even    wlip- 
I    I  li'  iiiiiriil    analyHCH.      \h    emphaHiHin^ 
-f  error  whirh  \h  pi  tsiblc,  SinriuK 


den 


and  ( 


Con! 
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'■  An  engineer  responsible  for  a  boiler 
installation  was  invited  to  submit  a  sam- 
l)le  of  the  eoal  he  was  using  for  analysis, 
i'ermission  was  then  obtained  to  take  a 
truly  representative  sample  of  the  same 
coal,  the  following  results  were  ob- 
tained : — 

A>h  present  in  engineer's  sample     0% 
Ash     present     in     representative 
sam])le         ...  ■■•  ...    1.) 

Probably  most  errors  can  be  traced. 
directly  or  indirectly,  to  an  under-estimated 
notion'of  what  the  weight  of  a  sampl(>  ought 
to  be. 

Generally  .sj)eaking,  the  wider  the  vaiia- 
tion  in  sizes  of  the  pieces  of  coal,  the  larger 
must  be  the  sample.  This  also  applies  to 
foreign  matter. 

Ill  confirmation  of  this  point,  work  by 
Bailey  (-)  may  be  quoted,  which  shows 
that  the  weight  of  the  sample  should  bear 
a  direct  relationshii)  to  the  largest  piece  of 
foreign  matter  piesent,  and  to  t'lisure  an 
en-or  of  less  than  1%  in  the  ash  present  in 
the  sampl(!  the  following  must  be  adhered 
to:  — 


Size  of  largest 

Weight  of 

Original 

piece  of 

largest  piece 

Sample    must 

shale. 

of  shale. 

weigh. 

in.            ' 

lb. 

lb. 

4in. 

6-7 

39,000 

3in. 

2-5 

12,.")()0 

2in. 

0-7.T 

3,800 

lin. 

012 

()0() 

O-Toin. 

0-()4() 

230 

O-nOin. 

0-018 

90 

'■  As  a  rule,"'  states  Siiuiatt,  "  it  is  con- 
sidered that  the  gross  sam|)li'  should  be 
from  l/40th  to  l/80tli  of  the  total  weight 
of  eoal." 

This  rule  is  (piite  satisfactory  so  long  as 
the  gross  sample  does  not  exceed  about 
1.000  Hi.  When  it  exceeds  that  amount. 
tile  inaccuracies  introduced  during  ciushing, 
mixing  and  the  (piartering  <if  the  samjile 
become  excessive. 

Difficulty  will  be  experienced  in  deter- 
mining the  most  suitable  weight  for  the 
gross  sample,  but  it  should  be  assimied 
that   the    smallest    weight    is    1.000    lb.    for 


(')  Bailey — foinii.   Jnrl.  ami  Enq.  ('hem..  1.  176. 
1909. 


bidks  wcigliing  about  100  tons.  The  weigiit 
of  the  sample  should  not  be  reduced  much 
below  2")()  11).  per  10  ton  truck,  for  assuming 
an  average  shovelful  tO'  weigh  15  lbs.,  this 
only  means  1()  units  collected  per  truck. 

In  oi)taining  the  gross  sample  great  care 
nuist  be  exercised  to  ensure  the  jDresence 
in  it  of  the  ]uoper  proportions  of  large  and 
small   coal   and   laige  and  small   im])urities. 

This  may  be  checked  approximately  by 
carrying  out  a  test  before  the  sam])le  has 
l)een  crushed,  to  determine  what  proj)ortion 
of  the  vampic  will,  say,  pass  thiough  a 
sieve  of  I  in.  mesh.  This  tent  indic-ates  the 
proportion  of  small  coal  present  in  the  con- 
signment, it  also  forms  one  of  the  simjilest 
ciu'cks  on  any  further  deliveries,  foi-  if  the 
percentage  of  fine  coal  differs  widely  from 
that  ))resent  in  the  original  sample,  i\\vn 
\  aviation  in  the  (juality  may  be  expected." 

The  niclli<Hh  of  taking  a  sample. — These 
may  he  confined  to  two  cases,  the  first  typi- 
fying the  sampling  fiom  a  nuiss — svu-h  as  a 
heap  or  a  tiuck — and  the  second,  sampliiig 
troni  a   mine  seam. 

in  legard  to  tiie  first  case,  it  is  fatal  for 
a  sampler  to  try  and  pick  an  average  sam- 
ple by  taking  what  seems  to  him  a  fair  pro- 
portion ol  the  coarse  and  fine  and  neglecting 
materials  tliat  look  either  exce))tionally  good 
or  bad.  The  oidy  way  is  to  determine 
how  a  most  representative  sample  may  l)e 
secured  in  a  reasonable  manner,  and  then 
to  carry  out  llu'  opi'ration  as  mechanically 
as  ])ossible. 

If  the  sample  is  being  taken  fl'om  a  wagon 
the  shovel  should  be  I'un  along  the  bottom 
of  the  wagon  after  enough  has  been  unloaded 
to  allow  the  coal  to  assume  its  natural 
sha])e.  Wheic  cars  oi-  wagons  are  being 
dumped  a  scoop  may  be  held  in  the  stream 
(sf  falling  coal.  This  essentially  means  col- 
lecting successive  small  increments  from 
.■;uccessi\e  parts  of  the  heaj)  and  ])rovide<l 
(liscriminati(-n  is  used  as  to  the  iclative 
(|uantities  of  lump  and  fini's  the  methoil  has 
e\ei\    claim  to  accuracy. 

.MiiK  (II  Stun  SdtupJiiui.  —  Sinnatt  states: 
"  When  sami)les  are  i-ecpiired  to  re|)resent 
a  sean\  of  coal  by  far  the  most  satisfactory 
solution  is  to  cut  a  pillai-  of  coal  through 
th"  whole  depth  of  tlie  seam  about  (>  in. 
nide  and  from  (>  in.  to  8  in.  deep,  and 
iiicludint:  a  |)ortion  f)f  the  roof  and  floor. 
This  is  then  |)lace<l  in  a  box  constructed  for 
tlie   |)m-pose,   slightly   lari^ei-  than    the   pillar 
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of  coal,  and  the  whole  kept  in  position  by 
wooden  wedges  and  clean  straw.  Each 
break  in  the  coal  should  be  marked  in  with 
a  white  number  from  the  roof  to  the  floor." 

This   differs    in    detail    from    the    recom- 
mendation of  the  U.S.A.  Bureau  of  Mines, 
which  has  been  fully  described  by  Holmes(').    \ 
He  recommends  that  for  mines  shipping  200 
tons   or   less    daily    at    least    four  samples 
should  be  taken.    In  general  only  clean  fresh 
coal   should   be   taken,   and   weathered   coal 
should  be  avoided.     Before  cutting  a  sam- 
ple the  face  of  the  bed  and  the  roof  is  to 
be  cleaned  of  those  fragments  which  might 
drop  into  the  sample,  and  a  band  1  ft.  wide 
e.Ntending   from   floor   to  rcof   is   to   be   cut 
back  at  least  an  inch  to  expose  fresh  coal. 
The  sample  as  cut  from  this  prepared  face 
should  include  everything  the  miner  includes 
in   the   coal   prepared   for  the   market,    and 
should  exclude  the  thick  partings  and  large 
lenses  of  pyrites  which  are  thrown  out  by 
the  miner.     The  cut   should   be  made  per- 
pendicularly about  2in.  deep  and  6  in.  wide 
so  that   there   will   be   about   (>   lb.    of  coal 
chips  for  each  foot  of  thickness  of  the  seam. 
These  chips  are  to  be  caught   on  a  water- 
proof sample   blanket   and   crushed  to  pass 
an  i  in.  scrt-i-n  and  then  placed  in  a  tight 
sample  can.     All  operations  are  to  be  car- 
ried out  at  the  face. 

Treaimcnl  of  the  MnmpU-. — During  \\n: 
period  of  collecting,  the  sample  should  bt: 
stored  in  a  situation  which  is  free  from  dust 
(especially  coal  dust),  rain,  draughts,  and 
m^  '  '  '  •  Tiid  changes  of  tempciature. 
A  I   'ir  box   is  suitablf   for  th»j 

purprjHe. 

-Xfter  the  sample  has  been  obtained  it 
riiiiHt  l>e  mixed  frcrpii-ntly  and  ♦•fficiently, 
aii'l  ■  —  ■-lied  at  int'-rvaln.  It  is  u  great  coii- 
VII.  theri'forr,    to    place    the    Haniph- 

upon  a  sheet  iron  sauipling  plate  (y\\  which 
it      •  to  crush  the  c'ml.     .\  "punnt'r" 

or  ....>.•  ....inifHT  will  be  ff)und  to  be  one  of 
the  tntmX  hanrly  fonns  of  coal  crushers  for 
thia  troanw?  grinding  The  |»rfK'ess  of  crush- 
ing, fU'.,  should  not  b<-  carried  out  on  a 
brick  or  ntonc  rto»>r  if  there  in  any  chance 
of  foriMgii  iiiatt4-r  being  intrrMlno-d  from  thiy 
Nfnjrcc.  .\  H<-<-<ind  nu'th'Kl  is  to  place  the 
U'Ik>I<'  of  th<  '••  in  a  thick  canvas  cloth 

•ibi'i't     >>r      til  (ill      utiicb      it      \n:i\       III- 


ci-ushed  by  means  of  the  "punner"  or  ham- 
mer; the  coal  may  also  be  mixed  by  bring- 
ing the  comers  of  the  sheet  across  and  back 
again  and  repeating  the  operation  a  number 
of  times. 

To  ensure  perfectly  unbiassed  mixing  of 
the  gross  sample,  and  at  the  same  time  to 
reduce  its  weight  until  it  is  convenient  for 
the  laboratory,  the  process  of  coning  and 
quartering  usually  adopted  in  reducing  bulk 
samples  must  be  rigidly  observed. 

In  caxTying  out  the  above  operation  it  is 
necessary  to  crush  the  coal  as  the  weight  of 
it  decreases. 

"  The  following  table,"  states  Sinnatt 
(\oc.  cit.)  (*)  "  shows  the  size  to  which  the 
sample  should  be  broken  in  order  to  elimin- 
ate errors  during  the  reduction  of  the  weiglit 
of  the  sample  "  :  — 


Weight  of  sample 

Greatest  size  of 

to  be  quartered. 

pieces   of  coal   and 

lbs. 

foreign  matter. 

3,800 

u 

1.200 

1 

4()0 

4 

180 

i 

40 

2  nii'sli 

•3 

4     ,, 

i 

8           M 

1 
1 

10     .. 

Laboratory  Snmplc. — The  above  |)rinciple 
cannot  be  ignored  in  the  laboratory,  and  the 
following  arc  the  limits  beyond  which  sani- 
ph's  slionld  not  be  quartert'd  for  various 
sizes  of  the  pieces  of  coal :  — 


Weight  of  Sample  should 
not   be  less  tliaii 
•'rams. 


8,800 

1.100 

120 

H 


Q.'i 


Si/e   (if 

(•(ud 
(mesh). 

2 
4 

8 
10 
20 


Wli.-n  till-  weight  falls  to  al)<)ul  10  lb. 
sampIcK  may  be  sent  to  tlie  lnb((nilory.  or 
be  crusheil  so  as  to  completely  pass  tliioiigh 
a  sieve  of  four  meshes  to  the  linear  inch, 
when  its  weight  may  be  re<lueed  to  I. lib. 

It  nliould  then  be  <livi(lei|  into  three  por- 
tions, till-  lir^t   f'-r  the  liilioratory,  tin-  Heeoiid 


o< 
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to  be  sealed  and  preserved  in  case  of  dis- 
pute, and  the  third  to  be  sealed  and  pre- 
served for  examination  by  a  neutral  expert 
in  ease  this  becomes  necessary  for  arbitra- 
tion. 

Samples  may  be  preserved  in  jjorcrlain 
or  glass  jars,  fitted  with  patent  air-tight  lids; 
the  samples  used  for  analysis  ai'c,  however, 
more  conveniently  kept  in  stoppered  bot- 
tles. This  is  essential  to  prevent  any  varia- 
tions in  moisture,  which  readily  occnus, 
particularly  when  coal  is  in  a  finely  divided 
state. 

The  sample  for  use  in  the  laboratory  must 
be  crushed  so  as  to  pass  through  a  sieve 
of  20  mesh,  and  it  is  important  to  notice 
that  in  all  grinding  the  whole  of  the  sample 
must  pass  through  the  sieve. 

The  grinding  of  a  small  (juantity  can  be 
caiTied  out  in  a  grinder  of  the  type  of  a 
coffee  mill,  but  care  should  be  taken  to  ob- 
tain one  which  can  be  readily  dismantled 
and  permits  of  thorough  cleaning. 

For  certain  of  the  chemical  determina- 
tions {i.e.,  for  the  estimation  of  nitrogen 
and  sulphur)  it  is  convenient  to  have  the 
coal  in  a  very  fine  state  of  division,  and  a 
grinder  which  has  been  found  to  be  very 
useful  is  a  small  ball  mill.  It  consists  of  a 
porcelain  cylinder  aliout  (>  in.  in  diameter 
and  8  in.  long,  partly  tilled  with  irregularly 
shaped  porcelain  balls.  The  cylinder  may 
be  made  to  revolve  at  any  desired  speed. 
If  required,  coal  can  be  powdered  so  as  to 
pass  through  a  sieve  of  as  fine  as  2f)0  mesh 
in  a  few  hours.  It  is  possible  tc  grind  coal 
in  such  a  mill  without  cojitimially  exposing 
it  to  air,  and  in  conseciuence  little  change 
in  oxidation — which  is  a  feature  j)resent 
when  coal  is  finelv  divided — takes  j>lace  in 
the  sam])le  during  the  process 
2.   An.\lysis  of  Co.\l. 

The  standard  determinations  wliicli  are 
generally  accepted  as  comprisuig  a  oornjjre- 
hensive  analysis  of  coal  are  the  ioUcwing  : — 

The  detennination  of — 

1.  Calorific  value. 

2.  Moistiu'e   percentage. 

8.    Volatile       matter      and       residual       or 

fixed  "  carbon. 

4.    Ash  percentage. 
(2,  8  and  4  being  usually  bracketted  together 
under  the  heading  of  "  Proxinmte  Analvsis 
of  Coal  •■). 

.").    Sulphur  percentage. 

0.   Nitrogen  percentage. 

7.  I'ltimate  analysis,  giving  the  percent- 
age of  C.   II,  O  and   \ 


The  above  are  mainly  percentage  deter- 
minations, and  so  ai-e  merely  quantitive ; 
more  recent  work  tends  to  expand  and  em- 
brace mode  of  occuiTence  as  well.  It  is  not 
the  intention  in  the  present  paper  to  con- 
sider, in  any  detail,  either  the  apparatus  or 
the  operations  employed  :  this  has  been  done 
efficiently  in  many  text  books  and  most 
thoroughly-  b\  Prof.  A.  H.  White  in  his  bcKjk 
"  On  Gas  and  Fuel  Analysis." 

In  the  following  the  object  is  more  to 
review  the  reliability  of  the  accepted 
methods,  and  to  indicate  the  precautions 
which  it  is  essential  to  observe,  before  any 
claim  to  an  adecjuate  accuracy  can  be  safely 
entertained. 

1.  DetciDunaiioii  of  Calorific  Value. — 
Various  types  of  calorimeter  have  been  em- 
ployed for  the  above  determination,  but  at 
the  ))resent  time  the  heating  ])ower  of  a  coal 
is,  one  might  say,  determined  entirely  by 
means  of  the  bomb  calorimeter. 

Among  the  methods  which  have  now  be- 
come obsolete,  or  ))ractically  so,  might  be 
mentioned — 

(a)  CalorimcterH  rmi)loyiug  a  stream  of 
o.rii(jcn  fo  (ffrcf  coynbv.siion. — This  method 
had  for  its  chief  source  of  error  the,  almost 
inevitable,  incomplete  combustion  of  the 
coal,  and  there  was  also  the  diftic-ulty  of 
measuring  the  temperatures  of  the  incoming 
oxygen  and  the  outgoing  products  of  com- 
bustion. 

(b)  Tlir  jA'tri^i-TIioinsoii  (\tloiiinrl cr. — 
This  instrument  is  well  kncjwn,  and  at  one 
time  was  used  extensively.  Combustion 
was  effected  by  mixing  the  jjowdered  coal 
with  potassium  chlorate  and  nitrate. 

(c)  Parr  Calorimeter. — Prof.  Pan-'s  Calori- 
meter (*)  might  be  looked  upon  as  a  com- 
|)romise  between  the  liCwis  Thompson  and 
Bond)  Caloi'imeters. 

Till'  inventor  proposed  sodium  peroxide  as 
a  chemical  to  be  used  for  providing  the 
oxygen  necessary  to  oxidise  the  coal  in  the 
calorimeter,  worked  out  the  corrections  to 
be  applied,  and  devised  a  very  practical 
calorimeter. 

The  work  of  Prof.  Parr  has  shown  de- 
finitely that  accurate  results  may  be 
obtained  with  this  calorimeter,  but  it  has 
also  shown  tluit  this  accuracy  can  only  be 
gained  by  the  observation  of  the  precautions 
and  the  use  of  corrections,  which  de])rive 
the  process  of  much  of  the  simplicity  which 
formerly  characterised  it.     These  points  pre- 

(*)  Prof.  Parr— ./oK/Ti.  Am.  Chem.  Son..  1900. 
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vent  the  method  from  bein^  a  standard  one 
— particularly  as  it  involves  the  ash  and 
sulphur  determinations  as  well — but  they 
do  not  exclude  it  from  being  a  useful  com- 
mercial instrument,  where  the  highest 
accuracy  is  not  needed. 

The  Bomb  Calorimeier. — Without  doubt 
the  bomb  calorimeter  is  the  most  accurate, 
reliable,  and  also  convenient,  apparatus  for 
determining  the  calorific  values  of  either 
solid  or  liquid  fuels. 

When  care  is  taken  in  every  detail  and 
apparatus  of  superior  quality  is  used,  the 
agreement  between  duplicate  determinations 
will  be  closer  than  0'3  per  cent,  or  50 
B.T.I'.,  but  it  is  certainly  not  safe  to  claim 
a  closer  absolute  accuracy,  since  according 
to  Jesse  Journ.  hid.  and  Chrni.  Enp.,  1912 
the  highest  authorities  differ  by  0"2'>  per 
cent,  as  to  the  absolute  heating  value  of 
sugar  and  benzoic  acid,  which  are  used  in 
determining  the  water  equivalent.  The 
oxidation  of  X.  and  sulphur  deserve  con-ec- 
tions  amounting  to  about  8  B.T.U.  each, 
but  these  are  offset  by  the  corrections  neces- 
sary to  correct  for  the  combustion  having 
Ijeen  carried  out  at  constant  volume, 
whereas  in  practice  combustion  takes  place 
at  constant  pressure. 

Calrulatinn  front  Proximate  and  I'lti- 
matc  AnalyneH. — It  appears  convenient  here 
to  insert  the  useful  formula*'  which  \\n\o 
J>een  derived  for  estimating  the  thermal 
value  of  a  coal  fn)m  a  knowledge  of  its 
proximate  or  its  ultimate  anal3'sis. 

According  tf.  Prof.  Cobb  (Leeds  Univ. 
lecture  I.  if 

(.\).  Ht  representH  the  calorific  value  of 
the  fuel. 
(',  H,  (),  N  and  S  p-preHciit  the  perr<"n- 
ta^e  of  each  of  these  constitiientK, 
and 
W  repn-sentH  the  percentage  of  liygrfj- 
Mcoplc  water,  th«-ii 


IT'     HlC-hWi(H ?     ^ 

H 
Calorien. 

..r      1  H(MlC  +  2iJ<)(n 
H.T.U./lb. 


M  ■    \ 


2.>S  -  (JW 


2.*.s-0W) 


TliiM.  utalen  I'r*if    Cobb,  f«>r  Kiigli«tli  cooIm 
in  corrert  to  within  2  imt  fvu\ 


(B).    If    again   Ht    represents   the    calorifie 
value    Cf    represents   the    per- 
centage       of        "  fixed  " 
carbon. 
^I  represents  the  percentage  of 
volatile  matter, 
and  A  is  a  fra<?tion,  for  which  a  table 
is  given  below,  then 

Ht  =  (8150Cf+A.M.)    -p^  Calories. 

The  fraction  A  was  introduced  by  Goutal 
in  an  endeavour  to  prescribe  for  the  different 
calorific  values  of  the  different  volatiles 
from  different  classes  of  coal. 

His  classification  is  as  follows  : — 

For  Anthracites  (i.e.,  coals  with  from 
2—15%  vol.)  A=l,300. 

For  Bituminous  ii.c,  coals  with  froni 
15—30%  vol.)  A=10",000. 

For  Kich  Gas  Coal  (./.<'.,  coals  with  from 
30—35%  vol.)  A  =9,500. 

For  Highlv  Volatile  {i.e.,  coals  with  from 
35—40%  voi)  A  =9,000. 

In  addition  to  aoceptint:  tlie  assumption 
that  the  volatiles  can  be  divided  into  groups 
as  regards  calorific  value,  there  is  a  further 
drawback,  in  that  the  formula  does  not  take 
into  consideration  constituents  other  than 
the  volatiles  and  fixed  carbon.  Thus,  for 
example,  there  is  suiplun-,  wliicli  varies 
widely  with  coals  which  are  classified  to- 
gether in  terms  of  their  volatile  constituents. 

(Jenerally,  however,  for  English  coals  the 
formula  is  accurate  to  witliin  \  prr  cent. 

2.  Moiafure. — The  total  moisture  which 
nuiy  be  removed  from  a  coal  substance  or 
sample  is  the  sum  of  four  distinct  (luaiitities. 

It  is  made  up  of  : — 

(a:  "  Superficial  "  moisture,  present 
owintr  to  the  influence  of  l<K'aI 
nhysieal  or  weather  coiKlitions 
{e.g.,  pit  water  on  freshly  mined 
v(m\'  arul  which  may  be  remove(| 
i)y  air  drN'ing 

ih)  "  .\sKociate(I  '"  moist uri'.  whieli 
nuiy  be  looked  upon  a.s  moisture 
<K'<'hi<|e»l  in  the  coal  siibsttinee.  and 
wliieli  irniv  be  reiiiovfd  by  main- 
taining the  coal  substance  at  a 
tenqienif lire  ^lit'litlv  higher  than 
the  i)oiling  DoMit  of  water  'sa.\. 
lO.'J  deg.  C.)  for  a  few  miniiteK. 

(r)  Wat^T  of  cornpoHition  or  cryst alliga- 
tion,   a   trreaf    deal    of   \vlii<*h    ix    re 
mc)\ed   at    near  2<M»  i\v\i.    C.    when 
the  flntt  cefluhwir  rh'coin  posit  ion  of 
till*  colli  Hiibstance  (K-curs, 
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(d)  Water  of  "  Eeaction  "'  due  to  the 
combustion  of  the  (hydrocarbon) 
hvdroj'en  of  tlie  coal  with  oxvoren 
when  the  coal  is  burnt. 

Associated  "  moisture  is  the  item  to 
wliicli  reference  is  made  when  speakint,'  of 
tlu-  moisture  content  of  a  coal.  Jiut  it  will 
be  seen  that  its  detemiination  may  be  made 
(]uite  arbitrary  unless  a  standard  niutbod  is 
adopted  by  means  of  which  tbe  influence  of 
supei-ficial  moisture  is  eliminated.  The 
water  of  com|)Osition  and  water  of  reaction, 
jointly,  are,  of  course,  the  factors  wliicli 
necessitate  the  discrimination  between  gross 
and  nett  calorific  values. 

JSefore  discussing  a  standard  method  of 
determining  the  moisture  content  of  a 
sample  it  nuiy  l)e  of  interest  to  quote  a  few 
i-esults  ol)tained  b\  Siiniatt  (lor.  cil.)  ('') 
showing  tiii.'  inriuence  cf  the  liygroinetric 
state  of  the  atmosphere  on  expt)sed  coal 
samples. 


Mois- 

Degree 

Coal 

Type 

Mesh.      Time 

ture 

% 

of  Hum 
idity 

Arley 

Caking 

1/30      9-46a.m. 

2  19 

88-0% 

(Wipiii) 

do. 

Bituminous 

7-OOp.m 

2  08 

73  0 

do. 

do. 

1/180     9'46a.m. 

3  03 

S8-0 

do. 

do. 

)> 

7  00 p.m. 

2-56 

73  0 

I  ndiiii) 

Non  Caking 

1/30 

10  40a.m. 

4-.30 

73-5% 

do. 

liituininous 

,,         3  .")Op.m. 

4-75 

79-0 

do. 

do. 

1/200 

10-40a.m. 

4-36 

73.-) 

do. 

do. 

)> 

3"0Jp.m. 

4-76 

79.5 

Peat. 

(English) 

1/30 

9-20  a.m. 

14-40 

68-8% 

do. 

do. 

3-4.")i).m. 

13-7.1 

(i3  6 

do. 

do. 

1/200 

9 -2(1  a.m. 

13-(iO 

(iS  8 

do. 

do. 

,,         .S^.^p.iii. 

13  ()l 

()3-(i 

'I'lie  errors  in  the  determination  of  mois- 
ture in  coal,  which  are  complicated  In  the 
cliange  tiie  coal  substance  '  -'*  undergoes 
when  subjected  to  heat  and  exposed  to  the 
air,  have  been  studied  by  several  investi- 
gators, among  them  Hillebrand  aJid 
iiadger  (')  (Eighth  Intern.  Cong.  .\ppl. 
('hem  1912)  at  the  American  Bureau  of 
Standards. 

Tliey  concluded  that  tlu'  most  nearly 
coiTect  results  may  be  obtained  by  drying 
in  vacuo  over  concentrated  sulphvuic  acid 
for   a   period   of   two   days   or   more.      'J'hey 

(*)  F.  S.  Sinnatt— "  Analysis  of  Coal." 

{')  Hillebrand  and  Badger — Eighth  Int.  Cong. 
Appl.  Chem..  1912. 


compared  the  results  obtained  by  this 
method  with  those  obtained  by  the  method 
recommended  by  the  Committee  of  the 
American  Chemical  Society  in  1899,  and 
which  presci-ibes  that  "  1  grm.  of  the  coal 
shall  Ije  dried  in  an  open  porcelain  or 
platinum  crucible  at  from  104  deg.  to 
107  deg.  C.  for  one  iiour,  and  shall  then  be 
cooled  in  a  dessicator  and  weighed  covered, "" 
and  showed  that  the  latter  gave  values 
9/ 10th  as  great  as  those  obtained  by  the 
former.  They  showed,  too,  that  if  dry  air 
was  continuously  circulated  through  tlie 
oven  during  the  hour,  that  the  results  tlieii 
agreed  quite  closely. 

The  method  adopted  by  the  U.S.  Bureau 
of  Mines  (*)  is  that  of  heating  1  gm.  of  coal 
for  one  hour  at  105  deg.  C.  in  a  current  of 
air  previously  dried  and  pre-heated.  A  mix- 
ture of  glycerine  and  water  is  employed  to 
obtain  the  re(|uii-i'd  tenn)eiature,  heating 
being  can-ied  out   in  a  copper-jacketed  oven. 

The  im|)oitaiice  of  this  determiTiation  is 
that  other  figuies,  such  as  the  volatile  con- 
stituents, ultinuite  analysis,  etc.,  in  tiie 
analysis  of  coal,  depend  upon  it. 

AsJi  Dcicniiiudtions. — In  carrying  out  this 
determination  it  might  be  stated  that  the 
temperature  of  combustion  should  not  lie 
excessive — between  700  and  7.50  deg.  C.  i^ 
regarded  as  best — as  otherwise,  not  combus- 
tion alone,  but  also  a  certain  amount  of 
decomposition — akin  to  carbonisation — nuiy 
take  place,  which  might  result  in  the  deposi- 
tion of  a  little  ■'  dense  "  carbon,  or  what 
may  l)e  more  ade(|uately  descrilx-d  as  a  little 
condensed  hydrocarl)on,  i-ich  in  carbon  mole- 
cules (c.f.  retort  wall  carbon).  Should  this 
be  formed  it  is  very  difficult  to  completely 
burn  away  by  oxidation.  To  provide  against 
this  eventuality  it  is  always  advisable  t(> 
moisten  the  ash,  after  each  dett-rminat  ion, 
with  a  little  alcohol,  and  then  examine  it  for 
carbon  particles. 

For  the  sake,  however,  ui  a  ccjmplete  and 
accurate  analysis  of  coal,  the  above  is  not 
in  itself  an  adequate  determination.  This  is 
due  to  the  ))ossibilily  of  there  being  ))resent 
a  certain  percentage  of  carbonates  in  the 
tf)tal  non-combustible  constituent  of  the  coal 
substance,  which  would  be  decomposed  at 
combustion  temperatures  with  a  liberal  inn 
of  CO.,.  Directly  this  would  result  in  a 
diminution  in  the  estimation  of  the 
])ercentage       of       non-combustible       nuitter 

(")   U.y.  Bureau  <>(  Mines  Technical  paper  8. 


Julv.  1921.     A   TTfior   Williams — Standard  Mtt/iod"  in  Saiiti)llnfi,  Anal!/si.<  and  Cla-^<ification  of  Coal. 


in  coal.  Indirectly,  too,  this  same 
yield  of  CO,  would  be  supplementary 
to  the  CO,,  assumed  fonned  in  the 
ultimate  analysis  determination  by  direct 
oxidation  of  the  available  carbon  in  the  coal 
substance  witli  the  oxjgen,  and  it  would 
then  tend  to  give  an  over-estimated  value 
of  the  percentage  of  carbon  in  the  sample. 

The  following  abstract  from  the  1013 
report,  of  the  U.S.A.  Committee  on  Coal 
Analysis  (')  describes  a  method  of  conducting 
a  more  comprehensive  determination  on  the 
ash  percentage. 

"  Unless  the  coal  is  of  a  type  known  to 
be  free  from  carbonate,  the  amount  of  carbon 
dioxide  must  be  determined.  A  5-grm. 
sample,  recently  boiled  distilled  water,  and 
dilute  hydrochloric  acid  are  employed,  mak- 
ing use  of  any  convenient  apparatus  for  col- 
lecting. al>sorbing  and  measuring  accurately 
the  carlxjn  dioxide  discharged  from  the  coal. 
It  is  most  convenient  to  obtain  the  factor 
as  in  the  form  of  carbon. 

"  One  gmi.  of  coal,  either  freshly  weighed, 
or  that  which  has  been  used  for  the  moisture 
determination,  is  ignited  in  a  shallow  cap- 
sule or  porcelain  crucible  by  phicing  directly 
in  a  muffle,  maintaiurd  at  a  dull  or  cherry- 
red  temperature  between  700  and  750 
deg.  C.  and  retained  at  this  temperature 
for  20  or  80  minutes,  or  until  j'H  "f  the 
carl>on  is  burnt  out. 

'■  The  capsule  is  cooled  in  a  dessicator 
and  weichefl.  In  the  absence  of  a  nnifiFle 
the  desired  temperature  may  be  obtained  by 
|ilaring  the  cap<<ule  at  first  just  above  tlie 
ti|t  of  a  bunsen  Hiirne  turned  down  to  about 
2in.  or  3in  in  height. 

"  After  the   larger  part   f»f  the  carbon    is 
bunied  off  in  this  manner  the  fiame  is  in- 
•1    w>    flint    the    tip    comes    well    into 
..:...  t  with  the  lH>ttom  of  th«'  capsule. 

"  For  eoaU  having  carlnjn  dioxide  present 
in  an  amonnt  to  exceed  0'2  per  cent.,  the 
a»»h,  aft^T  cooling  is  moistened  with  a  few 

tirrntu     '       '- '    -■ !    ,dilute   1:1)   and 

again  u|»   t«)  T/iO  deg.    (' 

and  retain«'d  at  that  tem|»er8ture  for  three 
to  fiv«'  minutes.     The  capsule  is  efi*»|ed  in  a 


A 


A..  A       'II  r,.,.    times   til 


.....  ^   „„^j    . 

t   r.f  til-  nt   ns  carbon 

dioxide  IS  «iibtriirt«'d  from  the  ash  woiglierj 
in  order  to  reHtr»rc  the  weight  of  calciiiru 
...i..i.,.i..  f.^M7i,ed  to  the  equivalent  of  calcium 


The  composition  of  the  ash  becomes  of 
importance  where  the  danger  of  clinkers  has 
to  be  taken  into  account.  The  fusion  point 
of  coal  ash  is,  as  a  rule,  between  1,000 
deg.  C.  and  1,500  deg.  C— the  latter  would 
apply  to  ashes  consisting  mainly  of  silica 
and  alumina,  whereas  the  former  would  also 
have  quantities  of  feme  oxide  or  lime,  which 
would  tend  to  mix  with  the  silica  and 
alumina  to  give  a  low  eutetic  point  Tiiixture. 

The  following  are  some  typical  analysis  of 
coal     ashes     as    quoted     by     J.     T.     Dunn 
.J.S.C.T..  1018.  37.161).  ("'i 


Silica    .. 

25  90 

40-40  45  40 

471051 -80 

51  89 

.Alumina 

17-46 

•29-34  35  5:^ 

37  39  38-25 

44-59 

Ferric  Oxide 

16-86 

15  21  12-57 

11  14    5  64 

0-98 

Maganese  O.vide 

tr 

0  30   nil 

0  40    tr. 

nil 

Lime     ... 

•22-80 

4  61    3-54 

0-82    0-45 

0-38 

Magnesia 

3  •22 

l-9fi    1-23 

0-65   0-74 

0.38 

Alkali 

2-70 

7  23    0-83 

1.38    1  71 

1  77 

Titanium  O.vide 

U-74 

0  95   0-90 

112    1-41 

0-15 

Sulphuric 

Anhydride 

8-»l 

—       — 

— 

— 

— 

Phospiioric 

Anhjdride 

1-55 

—    '    — 

■  — 

— 

— 

(Quicklime 

0-95 

—       — 

— 

— 

— 

Fu>ion  tein.  deg.C 

lu-20 

1230   1380 

1460'  1500 

1500 

The  appearance  of  an  ash  may  give  a  guide 
to  its  fusion  point — thus  reddishness  can 
usually  be  attributed  to  the  presence  of 
feme  oxide  which  tends  to  lower  the  numb- 
ing or  fusion  point.  However,  both  alumina 
and  silica  are  wliite,  and  so,  too,  is  the  linu', 
and  whereas  the  former  makes  for  a  high 
fusion  temperature,  tiie  latter  tends  to 
reduce  it  considerably.  For  this  reason  the 
(jiily  satisfactory  meth(xl  of  airiving  at  the 
temp<'ra(ure  is  by  a  direct  detn-rniinat  ion, 
and  probably  the  most  satisfact(ir\  inetliod 
is  that  described  by  i'rof.  .) .  W.  Cobb  (") 
and  adopted  with  success  in  the  TiCeds  Uni- 
versity l-'uel  liiiboratory.  Thr  inetluul  is 
thi-  fnlL.u  intr  : 

\  eoiiPiiderable  quantity  of  coal  is  burnt 
to  obtain  a  liberal  supply  of  ash.  This  is 
then  ground  to  pass  a  mesh  snialh-r  than 
I  KM)  to  the  inch.  It  is  then  mixed  with  the 
requisite  qiiatility  of  water,  with  a  little 
"'•lifine  added,  to  fonii  a  stillish  paste. 
h  HuMieii-nt  adhesive  properties  to  retain 
the  form  of  a  pyramid  into  which  it  is  tlu-n 

('•j  .1.    I     liiiiH.    .'  .'  •    ,  .   1  Hi: 
('•i  ./  .«f  r  I    I'Nii   n  II 
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built    up.      The  dimensions  of  the   pviainid 
are  in  the  ratio  of 

base  1 


height 


3 


the  size  being  made  to  suit  the  quantity  of 
ash  available.  Preferably  they  should  be 
made  of  the  same  height  as  the  standard 
Seger  cones  against  which  they  are  com- 
pared. The  pyramid  has  to  be  thoroughly 
dried  (air  dried)  befoie  being  jilaced  in  the 
muffle. 

The  temperature  at  which  the  apex  of  the 
cone  sinks  to  the  base  plane  is  assumed  to 
be  the  temperature  of  fusion. 

Volatile  Matter  und  Coke. — The  question 
of  the  estimation  of  the  yield  of  volatile  con- 
stituent matter  by  coals  has  been  admirably 
and  yet  concisely  described  by  Prof.  Bone 
(loc.cit.),  and  for  this  reason  a  vei'y  full 
abstract  has  been  made  as  follows  : — 

"  For  commercial  jnu-poses  coals  are 
classified  according  to  their  suitability  or 
otherwise  for  certain  specific  ends,  e.g., 
steam  raising,  furnace  firing,  gas  making, 
the  manufacture  of  dense  metallurgical 
coke,  low  tem])erature  distillation  and  the 
like.  The  usefulness  of  any  given  coal  for  a 
particular  purpose  depends  largely  upon  its 
yield  of  combustible  "  volatile  "  matter, 
expelled  when  it  is  carbonised  under  certain 
specified  conditions,  and  ujjon  the  resulting 
carbonaceous  residue. 

Tlie  following  two  standard  tests  may  be 
cited  bv  wav  of  illustration  : — 

(a)  The  American  Tenf.— In  1899  the 
American  Chemical  Society  recommended 
the  following  mi'thod  for  the  determination 
r)f  the  "  volatile  combustible  matter," 
which  has  since  been  accorded  info-iialinual 
recognition.  ('-). 

"  Place    1    gi'ani    of   fresh,    undried,    jiow- 

dered  coal   in  a  i)latinum  crucible  weighing 

20  to  30  grms.  and  having  a  tightly  fitting 

cover.     Heal  over  the  full  flame  of  a  Inmsen 

burner    for    seven    minutes.       The    crucible 

should  l)e  supported  on  a  platinum  triangle 

with  the  bottom  C)  to  8  cm.   above  the  toj) 

of  the   l)iu-ner.      The   flame   should   bi-   fully 

20    cm.    high    when    burning    free,    and    the 

determination   should   be   made    in    a    ])lace 

free  from  draughts.     The   upper  surface  of 

the  cover  shf»ild  burn  clear,  but  the  under 

surface  should  remain  covered  with  carbon. 

To    find    the    volatile    combustible    matter, 


(")  Joiirn.   Amer.   Chcm.  Soc,  1899. 


subtract  the   percentage  moisture  from  the 
loss  found  here  "  (p.   1122). 

"  Practically  the  same  test  was  adopted 
by  the  Canadian  Coal  Survey  Chemists,  ex- 
cept that  it  was  carried  out  on  the  dnj 
instead  of  the  undried,  as  recorded  above  in 
the  American  procedure." 

It  lias  always  seemed  to  the  author 
(continues  Prof.  Bone),  "  that  a  test  carried 
out  under  such  conditions  and  on  so  small 
a  quantity  of  coal  in  a  platiniun  crucible  is 
open  to  criticism  both  on  account  of  the 
well-known  intense  '  catalytic  '  influence  of 
hot  platinum  upon  such  thermal  decom})()si- 
tions,  and  also  because  of  the  temperatiu'e 
conditions. 

"  Also,  it  does  not  enable  a  sufficiently 
reliable  judgment  to  be  formed  about  the 
"coking"  properties  of  the  coal.  Accord- 
ingly, after  investigating  the  matter  some 
years  ago  for  liimself  the  author  cejised  to 
employ  the  method  in  liis  laboratory,  pre- 
ferring the  following,  which,  if  carried  out 
under  "standard"  conditions,  has  proved 
to  be  quite  reliable  within  the  limits  required 
for  commercial  pui-poses. 

"  (b)  Crucible     Test. — Twenty    grams    of 
the    dried    coal     are     weighed     out    (to    the 
nearest  centigram)  into  a  No.  3  morgan  fire- 
clay crucible,  which  has  been  just  previously 
heated   to   redness     in     a     muffle    and   then 
allowed  to  cool  in  a  chamber  containine  an 
efficient  diying  agent.     The  crucible  and  its 
contents  (lid  on)  are  then  ])ut  into  a  nuiffle 
furnace,  the  temperature  of  which  has  been 
raised  to  900  deg.  C.,  and  kept  constant  at 
such   a  degiee  by  a   proi>er  regulation  of  the 
gas    su|)ply.       The    charge    of    coal    is    thus 
"carbonised,"    the    resultant    inflammable 
matter    escapes    from    tlic    (Miicibie,    either 
through    the   hole    in   the    lid   or   around   the 
edges   of    it,    and    are    ignited   as   they   issue 
therefrom    and    mix     with     tlie    air    in    the 
muffle.        Heating     is     continuous     for     ten 
minuter    after  the   evolution    of   the   inflam- 
mable    gases     has     entirely     ceased.        The 
crucible  containing  tlu'  carbonaceous  residue 
is   then    witiidrawii,    and   set  to  c(M)1    m   the 
"  drying  "  elianilier,  alter  which  it  is  quickly 
re-weighed. 

The  test  should  always  be  carried  out  in 
du|)licate  if  not  in  triplicate  charges. 

A  subsequent  examination  of  the  car- 
bonaceous residue  enables  a  good  idea  to  be 
formed  of  the  "  coking  "  ])rop(>rties  of  the 
coal,  and  as  a  comparative  <c.s/  of  the  j)ro- 
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perties  of  different  coals  it  is  most  valuable. 

The  writer  had  recently  the  opportunity 
of  observing  the  determinations  and  results 
of  his  former  fellow-student.  Mr.  Lupton,  of 
the  Leeds  University  Fuel  Department, 
carried  out  to  investigate  the  influence  of 
the  material  of  the  crucible  and  temperature 
on  the  yield  of  volatile  matter.  The  results 
are  in  such  remarkable  agreement  with  the 
statement  made  by  Prof.  Bone  that  it  's 
thought  of  value  to  quote  them. 

Under  A  are  given  the  results  obtained 
observing  the  standards  of  the  American 
Chemical  Society,  and  under  B  are  those  in 
accordance  with  Prof.  Bone's  method: — 


A 


Time  of 
Heating. 

Crucibles  and  Percentage  of 
,  Volatiles. 

Platinum. 

Silica. 

Porcelain. 

7  mins. 
10     „ 

42-7% 

40-0% 
40-2% 

39-5% 
40-4% 

B. 


Time  of 

Temp, 
deg.  C. 

Per  cent.  Volatiles. 

Heating. 

Silica      ' 
Crucible. 

Porcelain 
Crucible. 

7  mins. 

9<¥)  deg. 
f>2'. 

1     (  H  M  1 

4202 
41-95 
4300 

42-<)(J 
40-90 
43-47 

The  concluHion  arrived  at  l>y  lAijiton  was 
that  the  American  Ktiindard  gave  reliabh' 
«'"'  '  ■-.    but   that    accurate 

ri-  .-  . I. tied    witli    KJlicii   and 

porcelain  cnicibles  provided  that  the  heating 
u  -  d  out  in  11  rnufTle  inuintained  at  a 

Um;., ;ure  of  'JtHi  deg.  ('. 

Coke  and  Caking  Fnrlm. — The  reKidue 
left  aft'T  expelling  the  volatile  matter  iH 
generally  termed  the  "  fixed  "  rarbfui  and 
hmIi.  It  may  or  it  may  not  exhibit  tlu* 
rf»herent  f<-atureH  of  roki*.  and  itn  anpi-ar- 
anr^'  Hiipplii-H  a  very  fair  idea  of  the  coking 
«pi   '  '  '  '       It    d'  ',   luiW.viT. 

fM  '  irabli'    •  I'.n    of    tin- 

coking  prr»fM5rty. 

lUe.r.flv.  Sinnatt  A  (tn.tindH  J. H.C.I. , 
IW).  Vol.  XXXIX  .  N'o    7;.  (•»>.  have,  de- 

(»»)  MinrMlt  and  CtminAm-J  Sf  !  .  1920 


veloped  the  method  devised  b\  Compiedou 
(.Comptes  Rend,  189-1).  for  measuring  the 
caking  value  of  a  coal  by  heating  a  standard 
weight  of  coal  witli  vai-ying  weights  of  inert 
matter  [calais  sand)  in  a  platinum  or  porce- 
lain crucible.  The  test  was  repeated  until 
the  maximum  amount  of  inert  matter  whicli 
could  be  sustained  by  a  coal,  and  still  permit 
it  to  yield  a  coherent  button  of  coke  was 
foimd.  A  highly  coking  coal  would  of  course 
sustain  a  high  percentage  of  inert  matter. 

The  ratio  of  the 

inert  matter  sustained 


coal  used 

by  weight  has  been  termed  the  "  agglutina- 
tion power,"  or  the  "  coefficient  of  aggluti- 
nation "  of  the  coal. 

The  work  of  Sinnatt  X-  Grounds  includes 
a  study  of  a  standard  measurement  of  the 
coherence  of  the  ultimate  coke,  i.e.,  the  coke 
with  its  maxinnim  amount  of  inert  matter 
sustained — and  they  suggest  that  a  100  gram 
weight  of  a  surface  area,  which  is  equal  to 
that  of  a  button  of  coke,  should  just  succeed 
in  crushing  the  button  when  placed  on  top 
of  it. 

For  reasons  which  have  to  do  with  the 
rate  of  evolution  of  volatile  matter,  tliev 
conclude  that  it  is  preferable  to  use  elec- 
trode carbon  to  sand  or  anthracite  as  tlic 
standard  inert  substance. 

They  also  show  that  the  degree  of  fineness 
of  the  inert  matter  is  of  very  marked  im- 
])ortance,  and  in  fact  have  suggested  an 
alternative  method  by  means  of  which  the 
degress  of  fineness  of  the  inert  niatt^'r,  when 
added  in  a  stjindard  (piantity,  so  as  to 
destroy  the  coherence  of  the  coke,  may  l>e 
accepted  as  a  l)asis  for  co?nj)aring  the  calciTig 
pro|)erties  of  a  coal. 

To  enipluisise  this  point,  they  have  con- 
st meted  a  series  of  curves  showing  the 
relation  lietween  the  cf)et!icient  of  agghit illa- 
tion against  niesli  of  the  inert  niatti-r.  I'Voni 
thene  they  conclude  the  following: — • 

"  .\n  exatniiuition  of  the  curves  lends  lo 
one  point  of  iniportanci',  naniel\,  that  not 
only  does  tin-  fundiinientMl  pn»perly  of 
caking  of  different  coaln  vary  consideraljlv, 
but  the  property  is  intlueneed  by  the  degree 
of  finencHK  of  the  inert  Hubstanee  until,  when 
inert  material  finer  than  1  W)  mesh  is  taken, 
the  caking  firoperty  of  the  coal  mav  he 
entirely  deHtroyed  bv  Ickk  than  itH  own 
Weight  of  inert  rmiller.  Atti'inptH  w«'re 
made  to  deiertnine   the   agghtt  iniil  ing   value 


JO 
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witli  less  than  one  unit  of  inert  matter,  but 
the  results  have  not,  up  to  the  jiresent,  led 
to  a  satisfactory  conclusion.  There  apj)ears 
to  be  no  reasonable  objection  to  the  con- 
clusion that,  if  finer  particles  were  used 
than  those  already  experimented  u[)on,  the 
weight  of  the  inert  material  required  would 
be  reduced.  It  is  suggested  that  the  most 
satisfaetorv  manner  of  determining  the  ag- 
glutinating power  of  coal  is  to  prepare  a 
graph  showing  the  relationship  l:)etwoen  the 
size  of  mesh  of  the  inert  matter  used,  and 
of  the  weight  required  to  destroy  tlie  caking 
power  of  a  unit  weight  of  coal.  'J'liis  we 
have  called  the  "  Agglutination  Curve  ";  it 
will  he  seen,  however,  that  this  detennina- 
tion  is  rather  laborious,  and  as  an  alterna- 
tive we  suggest  that  the  agglutinating 
powers  of  coal  should  be  measured  by  the 
fineness  of  the  inert  matter  iccjuired  to 
destroy  its  caking  properties. 

"  The  maimer  of  can-ying  out  the  test 
would  be  to  mix  one  y)art  of  coal  intimately 
with,  we  suggest,  three  ))arts  of  inert 
material,  the  size  of  paiiicle  of  wliicli  sliould 
be  varied  until  the  coal  will  no  longer  yield 
a  coherejit   button  witli  the  inert   matter. 

"  The  caking  index  would  then  be  ex- 
pressed in  the  degree  of  fineness  of  tlie  inert 
matter,  r.(J.,  one  coal  would  be,  say.  1  '200 
mesh,  the  next  would  be  IT.")." 

Sulpliur. — There  are  various  methods  of 
estimating  sulphur,  which  are  generally 
descrilx'd  in  detail  in  most  text  books,  and 
of  which  the  following  may  l)e  considered  as 
being  of  most  universal  use  : — 

1.   The  EsclUva  methrxl. 

The  method  of  fusion  of  the  coal 
sample  with  sodium  peroxide  in  a 
suitable  boiiil). 

Atkinson's  method  of  fusion  witli 
sodium  carbonate. 

The  percentage  sulphur  may  also  be  deter- 
mined, and  the  method  is  recommended  as 
a  convenient  check  provided  the  lining  of 
the  bomb  is  of  an  acid-resisting  material,  by 
utilising  the  i^roducts  of  coml)ustion  con- 
tained in  the  bomb  calorimeter  after  a 
calorific  \alue  determination. 

The  bomb  should  be  very  thoroughly 
rinsed  out  with  hot  water  and  the  solution 
so  obtained  precipitated  as  in  the  other 
methods  with  barium  chloride. 

Prof.  A.  H.  White  {lor.  rif.)  states  that 
the  tendencv  r.f  this  method  is  to  give  low 
results. 


2. 


3. 


The  barium  sulphate  pic'('i))itated  by  the 
barium  chloride  is  in  an  exceedingly  fine 
state,  and  takes  a  long  time  to  settle.  Prof. 
Parr  (Jouni.  A»ier.  Chem.  Soc,  1904)  ('^) 
has  utilised  this  feature  for  designing  a 
photometric  method  of  estimating  the 
sulphur  percentage. 

Dcicrminaflon   of  Xilrogcii  In   Coal. — The 
value  of  this  determination   is  not    apparent 
unless    a    full    appreciation    is    given    to    the 
importance  of  the  ammonia  recovery  in  the 
destructing  distillation  of  coal.      "  It  is  in- 
teiesting,"   states   Sinnatt,    "to  recall   that 
in  ])ie-war  times  much  of  the  coal  exported 
from    Great    l^ritain   to   the   Continent    con- 
tained a  notably  high  jiercentage  of  nitrogen. 
In  one  particular  year  the  average  nitrogen 
content    of  the    British    coals    purchased    by 
one  foreign  nation  was  1'9  per  cent.,  which 
is   far   above   the    average   percentage   found 
ill     tlu'     ordinary     coals    consumed     in     the 
country.      .\s    a    rule    British    coals    contain 
about   1'5  per  cent,   of  nitrogen,   and  these 
special  coals  were  no  doubt  chosen   by  the 
foreign  nation  on  account  of  the  ])ercentage 
of  nitrogen  ))resent  combined  with  the  other 
virtues    generally    associated    with     Biitish 
coals.     It  is  doubtful  whether  the  merchants 
selling  the  coal  were  aware  of  the  high  })er- 
centage   of  nitrogen    in  the   coal   and  conse- 
quently  of   its   enhanced    vahu'   to   the   jiur- 
chasers.  " 

Until  (iiiite  recently  the  method  devised 
by  Kjcldahl  for  measuring  the  nitrogen  con- 
tent of  inorganic  matter  has  been  inter- 
nationally accepted  for  the  case  of  coal, 
and  the  Duma's  method  liad  been  con- 
sidered more  as  a  means  of  checking  the 
results  obtaini'd.  From  time  to  time,  how- 
ever, discrejiancies  have  been  noted,  thus 
Fieldner  S:  Taylor  (Tech.  pa])er  04,  lOlT), 
Bureau  of  Mines  ("'),  after  an  exhaustive 
study,  arrive  at  the  conclusion  that  both 
])otassium  sulphati'  and  mercury  (or  copperi 
suliihate  must  be  introduced  into  the 
ordinary  Kjeldahl  method  to  ensure  the 
comi)lete  conversion  of  the  nitrogen  in  coal 
into  ammonia.  Shortly  afterwards,  howevi'r 
(Z.  Angew.  Chem.,  1915,  28,  481)  {''•),  Sim- 
mersbach    A    Somnier,    cast    serious    doubts 

(i-")  Prof.  Parr— Journ.   Amer.   Chem.  Soc,  1904. 

("■')  Fieldner     aiui      Taylor — U.S.A.      Bureau      of 
Mines.  Tecli.  Paper  64. 

(")    Simmersbacli  and  Summer  {Z.  Jm/cu-.  ('hem., 
1915). 
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upon  the  accuracy  of  the  Kjeldahl  process, 
and  state  that  a  raoditication  of  Duma's 
method,  invented  by  them,  gives  results 
which  are  up  to  55%  higher  than  those  ob- 
tained by  the  KjeldahJ  process. 

In  a  more  recent  paper,  Terres  and  others 
(good  abstracts  J. S.C.I. ,  1919,  38,  399t)  (•'), 
describe   results   which    also   show    that    all 


moditications  of  Kieldahls  method  yield  low 
results  owing  .to  the  evolution  of  free 
nitrogen  duiiug  the  process.  They  also  show 
that  Simmersbach's  &  Sommers  (loc.  cit.) 
modification  of  Dumas  method  can  be 
further  improved  by  adding  oxygen  to  im- 
prove oxidation. 

The   following  are   some   of  their  typical 
results  : — 


Method. 

Percentage  of  Nitrogen. 

Ruhr  Coal. 

Anthracite. 

Duma's  method  and  special  final  oxidation 
Kjeldahl  -  Potass.  Sulp  late  -  Mercury  Oxide 
Kjeldahl  -  Potass.  Sulphate  -  Mercury-  Oxide 
-Copper   Oxide    ... 

1-55 

1-35  (7  hrs.) 

l-.8()  (8  hi-s.) 

1-72 
1-31  (11  hrs.) 

1-38  aO  hrs.) 

It  has  been  suggested  that  as  the  low  X.  by  working  at  lower  temperature.  This  is 
figures  are  due  to  the  evolution  of  free  supported  b\'  the  following  table  [J. S.C.I. 
nitrogen,  they  might  be  materially  improved       abstracts  (7or.  cit.) 


Method. 

Tempertaure. 

i'erceutage 

N'olatile. 

Suur. 

Ruhr. 

Kjeldahl 

Kj.Idahl  -  HgO 

f)iir/i:i«    with    iiftr-r 

oxidation 

2.10  deg.  C. 

275 

300 

325 

200  deg.  C. 

1-31 

1-21 

1-15  (44  hrs.) 

1-00 

1-35  (C.A  hrs.) 

1-73 

1-33 

1-20 

1-20  (74  hrs.) 

1-07 

1-31   [Ih  hrs.) 

1  •-..-. 

Further    confirmation    of    tliis    point    has   ;   of  the    Leeds   rni\ersit.\    I'lul    I  )e|iarliiieiit 
been   communicated   to  the  author   by   his   | 
former   fellow-Htudent.    Mr.    .\.    GreenworKl.       His  ie>iih^  uerv  as  follows:— 


->iL:llJ'.<l. 

1  iMjjjijrulure. 

i  111U-. 

49  hours. 
12 
12 
5  hours. 

i'er 

ceui.  .Niirogeu. 

Ordinary    Kjeldahl 

KjeJdnliU  Hgr) 

hiin. 

2.'>0  deg. 

325 
ab<»ut  300  deg. 

C. 

c. 

1-71 
1-(10 
1-51 
1-.59 

l-T'.' 

{•■,      I'llrm— J. S.r./..    191U 
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It  is  well,  however,  in  reviewing  a  method 
for  the  determination  of  nitrogen  to  recall 
the  fact  that  the  importance  of  getting  the 
total  j)ercentage  of  nitrogen  present  in  the 
coal  is  insignificant  as  compared  with  tliat 
of  obtaining  information  n*  the  percentage 
of  the  nitrogen  of  a  coal  which  is  available 
foi-  recovery  as  ammonia 

Usually  at  least  50  i)er  cent,  of  the  total 
nitrogen  of  a  coal  is  in  all  modern  recovery 
processes  left  in  the  coke  or  ash,  and 
furthermore  it  is  only  a  portion  of  the 
remainder — for  some  does  escape  as  free 
nitrogen — that  is  fixed  as  ammonia. 

Under  these  circumstances  the  author  is 
of  the  opinion  that  the  Kjeldahl  method 
should  he  examined  from  the  point  of  view 
of  its  al)ility  to  classify  the  ammonia  yield- 
ing jiercentages  of  nitrogen  of  coals,  rather 
than,  as  in  the  present  cases,  the  total  per- 
centages of  nitrogen. 

lUinnnic  Analysis  of  Coal. — In  general 
principles  the  process  employed  for  coals 
resembles  that  advocated  in  all  text  books 
oji  organic  chemistry  for  the  estimation  of 
the  I  ercentage  of  carbon  and  liydrc^gcn  in 
organic  sul)stances 

In  dftai!,  however,  there  are  important 
differences  for  coals,  whicli  )nnst  be  ob- 
served if  relial)ility  is  to  be  ensured.  These 
iiave  mainly  to  deal  with  tlie  inclusion  of 
chemicals  which  are  particularly  suited  to 
meet  the  vf)latiles  evolved  when  coal  is  com- 
busted, and  with  details  of  manipulation. 

Siiniatt,  in  his  bulletin  on  "  Coal 
Analysis,"  describes  a  reliable  method 
which  closely  resembles  the  one  in  use  in 
the  Leeds  University  Fuel  Department,  and 
with  which  reliable  results  could  be  obtained 
after  i'X|)erience  had  been  gained  in  generally 
conducting  the  analysis,  and  particularly  in 
regard  to  the  best  regulation  of  the  tem- 
peratures. 

Tlie  usual  type  f)f  combustion  furnace 
used  in  organic  analysis  is  emploj'ed,  the 
tube  being  of  highly  refractory  glass,  al)out 
IM  mm.   in  diameter. 


The  customary  reagents  for  substances 
containing  sulphur  and  nitrogen  are  included 
in  the  tube,  i.e.,  lead  chromate  and  a  bright 
copper  spiral  at  the  outlet  of  the  tube. 

H.  Cl.\ssific.'\tion  ok  Co.\l. 

Up  to  the  present  all  attempts  at  a  classi- 
fication, whether  based  on  geological  occur- 
rence or  percentage  of  composition,  have 
had  the  sole  aim  of  grading  the  vfU'ious 
types  of  coal  in  accordance  with  their  utility 
in  various  technical  and  conunercial  pro- 
cesses, and  as  such  they  have  in  general 
been  of  great  value. 

Efforts  are  now  being  made  to  arrive  at  a 
system,  which  shall  be  more  scientifically 
exact,  and  whereby  the  chemical  structure 
of  coal,  and  the  probability  of  isomerism 
occurring  will  be  taken  into  account.  It  is 
probable  that  the  divergence  of  certain  coals 
from  the  aforementioned  systems  of  classi- 
fication can  be  traced  to  isomerism,  which 
is  prevalent  throughout  organic  chemistry. 
Sutificient  data,  however,  is  still  wanting  for 
this  more  comjjrehensive  and  scientific 
classification,  and  faith  has  still  to  be  ))iinied 
to  the  older  methods,  or  such  modifications 
of  them  as  have  shown  themselves  to  exer- 
cise a  more  defined  limit. 

It  is  intended  to  review  briefiy  the  pre- 
vailing methods  and  to  introduce  the 
modifications  which  authorities  have  judged 
to  be  an  improvement.  In  the  fii*st  ])lace  it 
has  been  judged  essential  that  all  classifica- 
tions should  be  made  on  a  dry  and  ashless 
basis,  or,  in  other  words,  on  the  |)ure  coal 
substance. 

The  earliest  attempt  was  based  on  the 
ultimate  analysis,  and  Regnault,  who  was 
the  ])ioneer  in  this  work,  showed  that, 
within  narrow  limits,  a  suitable  classifica- 
tion, piincipally  bearing  on  the  carbon  and 
oxygen  contents,  could  generally  be  made. 
His  method  was  modernised  by  the  French 
metallurgist  Gruner,  and  has  fin-ther  been 
modernised  and  brought  more  into  confor- 
mation with  Knglish  coals  by  Prof.  Bone 
and  Prof.  Brame,  both  of  whose  suggestions 
are  appended  for  comparison  : — 
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A  comparison  of  the  above  tables  will 
indicate  the  extent  to  which  the  Reguault- 
Gruner  system  will  permit  of  limiting  the 
classification. 

A  new  departure  in  this  matter  wa-s  made 
by  Mr.  C.  A.  Sevier  (Proc.  S.  Wales  Inst. 
Engineering  XXI..  p.  83.  and  XXII..  |i. 
112)  (^*J,  as  a  result  of  a  very  exhaustive 
examination  of  the  Welsh  coals,  which  in- 
clude a  ver>-  wide  range  from  bituminous, 
semi-bituminous.  anthracitie  and  pure 
anthracites.  He  divides  coals  into  five 
principle  genera  according  to  their  hydrogen 
content ;  each  genus  Is  then  sub-divided 
into  a  number  of  species  according  to  the 
perentage  of  carbon.  The  classification  tluis 
really  depends  on  two  factors,  namely,  in 
the  first  place  upon  the  oxygen  content,  and 
in  the  second  open  a  C  :H  ratio. 

Drs.  A.  Strahan  and  W.  Pollard,  (^f  the 
Geological  Survey  of  P^ngland  and  Wales, 
in  their  "  Memoir  upon  the  Coals  ot  South 
Wales '■(2nd  edition,  lUlo)  ("),  adopted 
Seyler's  general  plan  and  nomenclature  a-^ 
one  of  the  best  so  far  available  for  the  pur- 
pose of  scientific  classification,  and  dufiiu-d 
the  obser^'ed  limits  for  the  five  j)rincipai 
:,'enera  as  follows  : — 


Ocana 


P>rc«atmi:« 
HjrdroKen 


C:H 

imlio 


I 

II 
III 

IV 
V 


Anthrkritic 

.S'Biiiiituiniroit 

Bil'imiooua 

P*r-bituiDlf>oa« 


l'iider4t>  OTer22 

4  -0  to  4  .'i        t  l-.i  to  a-M 
4-6  1OJ-0         l<ieto'J<)4 


&-0U>&-8 
0««r  ftn 


14-«  to  la-:! 
l2-»tOl4-7 


\\m)  tli»'  I'liited  States  (ieological  Surve\ . 
inde|>eiid«'ntly  of  Mr.  Seyler's  previous 
work,  and  niter  considering  severui  otii  r 
(KNutiblu    HC'iiffriies,    finally    udo|>ted    the    fob 

« hicli    in    also    basi'd 

..-    (     il    ...;,-.  in   till*   pun-  nml  sub- 

{lU'\H)ri  on  coal  t4fstiii^  plant  rif  tb<' 

U.H.     Oer>|fjgi(ul     Survey,     Vol,     I  .     I'.Mlti. 

pp.   l.V,.  78)  ("). 


(••)    (       A      Hryl«— Pror.    H,    \V«lr.    lual.    Kii|{» 
XXI.  •mi  XXII 

('*)  tin  aiHi    I'olUrd— "  Mfmoir    upon 

(        I.  ,    it  ""  "-•'   •*«ttiii(  |>Unt  '■'   ''  *•   \     (j»u 
I'lfK-al  Hanrejf.   1  '  ' 


Group. 

Description. 

Ratio  C:  H. 

A 

Graphite. 

B 

Authi-acite. 

•?     to  30 

C 

1 J 

?  30  to  20 

D 

Semi-autluacite. 

•?   26  to  23 

E 

Semi-bituminous. 

?   23  to  20 

F 

Bituminous. 

20   to   17 

G 

» ) 

17   to   14-4 

H 

)  I 

14-4  to  12-.") 

I 

>) 

12-0  to  11-2 

J 

Lignitic. 

11-2  to9-3-.' 

K 

Peat.> 

9-3  to     ? 

L 

Wood. 

to  7-2 

It  would  thus  appear  that  a  considerable 
weight  of  ojiinion  is  in  favour  of  adojiting 
the  C  :H  ratio  for  the  ])ure  coal  substance 
as  the  most  satisfactory  basis  of  classifica- 
tion at  |)resent  available  for  this  purpose. 

In  concluding,  it  appears  to  the  author 
that,  although  as  shown  bv  Gan-ick  Ander- 
.^on  as  early  as  1898  {J.S.C'.I.,  p.  1013).  th.it 
coals  of  different  strata  and  geological  age 
are  found  with  the  same  elemental  comjSosi- 
tion.  and  further  that  cases  have  often  been 
pointed  out  where  coals  which  closely  re 
semble  eiicli  other  in  elemental  comj)osition 
possess  very  different  properties,  yet  some 
modified  form  of  the  Eegnault-Grunor  and 
Seyler  classifications  could  he  drawn  up  for 
particular  coalfields  that  could  he  applied  in 
grading  the  various  coals. 


APPENDIX. 


1.  Th)'  following  abstract  from  fiie  Board 
of  Tradf  It-afiet  on  "  Coal  Sanipliug  "  en- 
ables a  com|)ariso)i  to  be  nnule  uitli  tin* 
matter  alreadv  abstra<'ted  from  l%iiglisli  .ind 
.Nmi-rican  authorities: 

('o\r.  Samim.in*;   koi!   Anm.vsis. 

Hints  on   lb*-  best    nicllifid  <»f  oi)taining 
lliorouglily  repri'si-ntat ive  samples." 

1.  ( intr nil. —  'I'hi'  importance  r>f  asei-rlain- 
ing  the  calorific  value  of  fuel  used  in  an\ 
particular  works  eiiiinr)t  be  over-esliinaleil. 
It  is  <piite  iinpossiblf  to  control  intelligent  l,\ 
the  thermal  etficiency  of  any  plant  unless 
means  an*  taken  to  establish  the  calorific 
value  of  the  coals  usefl.  |«'ar  t<H>  little  atfetl- 
ti<>n  has  hillierto  been  paid  to  tlie  ipieHtion 
of  sampling,  whereas,  however  can-fully  I  lie 

■  '  is  taken,  the  final  result    will  be  of 

line   unleMH  a  t liorou'.'lilx    repriseiita- 

ti\e  sample  lias  first  been  obtaineij       W'iieti 
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one  considers  that  the  heat  value  of  a  parti- 
cuUir  consignment  of  fuel  is  ultimately  i 
determined  on  about  one  ten-thousandth  j 
part  of  a  2Ulb.  saniple,  it  '.vill  be  a])preciated 
liow  easily  an  error  of  1,()(30  to  2,000  | 
H.Th.r."s  can  be  made  if  tlie  sampling  is  ! 
not  carefully  attended  to. 

"  As  indicating  the  importance  of  the 
necessity  for  careful  sampling  the  follow  iiiLj; 
instance  may  be  given  : — 

■■  A    slack    coal   recently   received  Iroiii   a    : 
Midland    colliery    gave    no    indication    from    | 
appearance     of    being    anything     abnonnal. 
On  separating  the  small  from  the  large,  how- 
ever, the  small  was  found  to  contain  10  ])er 
cent,    of   asli,    whereas    the    large    cohtained 
40   per  cent,    of   ash.      What    would   be   the 
worth    of    an    analysis    as    representing    the 
heap  from  which  the  sample  had  been  taken 
if  the  proportion  of  large  and  small  received 
in  the   laboratory   had   not    been  ix'presenta- 
tive  of  the  large  and  small  in  the  heap  ?    T.et 
us  assume  that  in  the  heap  from  which  the 
sample   was   taken   the   percentage  of   small 
was  2')   i)t'r  cent.      This  would  give   a  total 
ash   content    of   r52"r)   i)er  cent.,   namely.    2') 
per  cent,   with    10  per  cent,   of  ash  and  7.") 
per  cent,  with  40  ])er  cent,  of  ash.     Now,  if 
the  sample   sent  to  the  laboratory  contains 
75  ))er  cent,  of  small  the  total  ash  contents 
of  the  sam))le  would  be  only  17'5  per  cent., 
namely,    75   per  cent,    at    10   uer  cent,    and 
25  |)ci-  cent,  at  40  ]ier  cent.     It  will  be  seen 
at  once  that  the  caloi-ific  value  as  disclosed 
by  the  lalioratorv  would  vary  tremendously 
in  the  two  samples  referred  to." 

2.  Hoif  to  Take  I'rcJiniinary  SninpJi'fi. — 
"  To  obtain  as  nearly  a  representati\e 
sample  of  the  bulk  as  possible  the  following 
procedure   should  be   adopted  : — 

"  (a)  Tiarge  Screened  Coal. — Tlie  samp- 
ling of  large  screened  coal  is  perhajis  the 
most  difficult  with  which  the  fuel  analyst 
has  to  contLud.  The  consignment  may  con- 
tain anything  from  5in.  or  (Hn.  cube  up  to 
12in.,  15in..  or  even  larger  nieces.  The  best 
pJMU  is  by  carefully  inspecting  a  consi<ni- 
ment  of.  sny,  10  tons,  to  pick  out  fairly 
representative  nieces  to  the  extent  of  about 
10  ])cr  cent.  These  pieces  should  then  be 
broken,  and  airain,  by  a  ftnther  selection, 
al)out  10  per  cent,  separated  from  the  l)ulk. 
Tliis  smaller  sample  should  be  further 
broken  and  thoroughly  m'^cd,  after  which  a 
final  sample  of  nbout  lOliis.  can  be  selected 
for  the  laboratory. 

"  (b^  Large  unscreened  coal  fthrough  and 
tln-ough^ — Sejiarate    abrait    half    a    ton    into 


two  heaps,  one  containing  the  large  and  the 
other  small,  in  order  to  ascertain  their  re- 
spective percentage  by  weight.  If,  for  in- 
stance, the  coal  contains  50  per  cent,  of 
large  and  50  per  cent,  of  slack,  a  proportion 
of  the  larger  jiieces  should  be  dealt  with  as 
described  •■"'^er  the  heading  of  "  Large 
Screened  Coal,""  and  the  slack  dealt  with 
in  a  similai-  maimer  to  that  described  below. 

(c)  (Iraded  Coal  (Nuts,  Beans,  l*eas, 
etc.). — This  is  the  simplest  class  of  coal 
from  wliicli  to  obtain  lepii'seiitative 
sam))les,  a^  a  few  shovelTuls  from  various 
parts  of  the  main  heap  are  all  that  is  usually 
necessary. 

'■  (d)  Slack  Coal.— To  obtain  a  i-eally 
reliable  sample  of  slack  coal  from  a  given 
heaj)  it  is  advisable  to  start  with  a  fairly 
large  quantity.  Where  trucks  or  carts  are 
being  continually  received  and  unloaded 
three  or  four  or  more  shovelfuls  of  the  fuel 
should  be  taken  from  different  ])arts  of  each 
load  and  thiown  on  to  a  connnon  hea]). 
When  the  testing  sample  has  to  be  taken 
this  heap  should  be  carefully  tiinimed  round 
at  the  (>(lges,  the  coal  so  liinimed  being 
thrown  into  the  centre  so  as  to  form  a  rough 
cone.  This  cone  should  then  be  flattened 
by  means  of  a  straight  bf)ard  twisted  across 
the  top  of  the  heap  until  it  becomes  a  flat 
disc  of,  say,  2ft.  thick.  This  should  then  be 
I  divided  into  four,  or  what  is  known  as 
(]uai'tering, '  and  the  two  opposite  seg- 
ments removed.  The  i-emainder  should  then 
be  re-mixed  and  treated  as  before  to  obtain 
a  flnal  sample  of  about  201bs.  weight  for 
slacks  of  lin.  and  under,  or  40ll)s,  wi'ight  for 
rougher  slacks." 

8.  ]]'cifilil  of  S<i  III  pics  for  Jjoboraiory 
Tcsl.s. — '■  The  final  sample  forwarded  to  tli(> 
laboratory  should  never  be  less  than  10ll)s. 
in  weight,  and  in  dealing  with  difficult  fuels 
— amongst  which  are  included  nearly  all 
slacks — it  is  desirable  to  inci'case  this  up  t(^ 
201l)s.  or  even  401bs.  " 

I.  Ihni-  III  Deal  irilli  lydhoKilorij  Sam  pics. 
— "  W'l'  will  desci-ibe  the  best  method  to  be 
adojjted  with  a  difficult  samnle  of  slack  fuel 
at  some  length .  Willi  crushed  coal  and 
more  consistent  grades  experience  will  show 
that  some  of  the  stages  may  be  omitt(>d, 
but  it  is  better  to  begin  with  too  nn)cli 
attention  to  detail  rather  than  too  little. 

"  Before  attempting  to  reduce  the  sample 
as  submitted  to  the  laboratory  to  suitable 
dimensions  for  actual  test,  it  is  CKsential 
that  the  surface  moisture   should   be   taken 
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from  it.  This  can  best  be  done  bv  recording 
the  weight  of  the  whole  sample,  which 
should  then  be  left  on  a  large  tray  spread 
out  in  a  very  thin  layer  for,  say,  48  hours. 
This  air  drying  is  necessary  for  two  reasons  : 
Firstly,  the  total  moisture  cannot  otherwise 
be  correctly  ascertained,  as  the  coal  will  be 
losing  moisture  during  sampling ;  and, 
secondly,  it  is  otherwise  impossible  to  get 
a  good  mixture,  as  the  small  damp  coal  and 
soft  shale  will  cling  together  and  not  mix 
with  the  dryer  coal  when  it  is  ground.. 

**  It  is  wrong  to  rob  the  laboratory  sample 
of  a  part  for  separate  moisture  determina- 
tion, as  is  frequently  done,  inasmuch  as 
this  would  have  to  be  done  with  little  or  no 
crushing  of  the  large  coal,  and  would  not 
only  be  unrepresentative  of  the  remaining 
moisture  content,  but  may  also  be  robbing 
the  remainder  of  an  undue  portion  of  either 
clean  coal  cr  shale. 

"  After  being  e>;posed,  as  suggested 
above,  for  48  hours  in  the  room  in  which 
the  further  sampling  is  to  be  carried  out, 
the  coal  will  be  at  equilibrium  with  the 
atmosphere,  and  in  this  condition  can  be 
safely  ground  and  mixed  without  either 
losing  or  gaining  moisture." 

Grading  the  Sample. — "  It  is  often  very 
difficult  to  thoroughly  mix  a  sample  of 
ground  coal  weighing  201bs.  It  may  be 
thought  that  if  the  whole  sample  is  ground 
and  mixed  that  no  better  way  can  be 
adopted.  This  is  not  so.  If  such  a  scheme 
IH  adopted  it  will  \ye  found  that  after  several 
hours'  stirring  and  mixing  has  taken  place, 
-•'  •  ■•'■^  of  varying  colour,  indicating  varying 
.  will  Htill  remain  and  it  is  quite 
imt  to   take   the    two  ground   caiori- 

•  ■ '"H   from   any  part   of  tli<'  201b. 

^ure  that  they  fairly  repn-^fnt 
the  bulk. 

The  ff.n  will  l»o  found  a  very  sutis- 

faf't«^)rv     n  of    o\ercomini:    this    diffi- 

rulf  . 

**""  '  MulitlS    rif 

*if  ■  ^  ■!  and  |»ro- 

fiortionH  of  each.  The  following  in  an 
example  of  the  method  : — 

Proportitjn 
per  cent, 
(•)  (Ivcr   |in.    and   under  2in.    in 

•ii/«».  M«y,  Tt\\m.  25 

{\}\  OviT   }in    and   under  iin.   in 

n\7A\  Huy.  8UiN 15 

(v)  Ov  -   '  •       •  •?  •••■'?--  Mn,,  in 

•1/  ;  20 

M)  Vndvr  |in.  m  uxr^-.  *n\ 


'm\ 


»H 


IW 


It  will  be  evident  that  one  should  not 
expect  to  find  the  heat  value  of  all  these 
grades  similar.  This  will  particularly  apply 
when  comparing  the  iin.  to  2in.  sample  with 
the  under  ^in.  sample.  In  some  cases  the 
tine  coal  contains  more  heat  units  than  the 
larger  coal,  but  in  the  majority  of  cases  the 
fine  contains  a  large  amount  of  dirt,  and 
consequently  is  of  lower  value. 

"  These  heaps  can  be  now  further  re- 
duced, dealing  first  witli  the  very  fine. 
After  thorouglily  mixing,  carefully  weigh  out 
2.")  per  cent,  and  place  in  a  labelled  covered 
tin.  The  remaining  heaps  of  the  larger 
grades  should  then  each  in  turn  be 
thorouguiy  ground  and  mixed.  This  can 
best  be  done  by  means  of  '  Spong  No.  o  " 
coffee  mill.  Each  grade  should  be  treated 
separately,  and,  after  grinding,  passed 
through  the  ^in.  mesh  sieve.  Twenty-five 
per  cent,  by  weight  of  each  should  then  be' 
taken  and  placed  in  a  separate  labelled  tin 
in  the  same  way  as  the  fine  coal. 

We  should  now  ha\e  four  tins  contain- 
ing a  total  weight  of  ."ilbs.  of  coal,  .and  are 
sure,  so  far,  of  having  a  proportionate 
amount  of  the  better  and  inferior  (large  and 
small)  ccal.  This  we  could  not  have  been  so 
sure  of  had  we  ground  the  whole  2()lbs., 
mixed  it,  and  then  taken  out  olbs. 

Final  Samples. — ""  The  next  step  is  a  still 
further  reduction  of  the  sam))le  for  analysis. 
Taking  the  first  tin  : — This  siiould  all  be 
ground  to  pass  through  a  sieve  having  '60 
meshes  to  tiie  inch,  thoroughly  mixed,  and 
2")  per  cent,  of  the  total  taken  and  placed 
in  a  covered  tin.  The  other  tins  should  then 
Im'  treated  in  a  similar  manner  separately, 
2.')  per  cent,  of  each,  after  having  i)een 
passed  throui/h  the  HO  mesh  to  the  inch 
sieve,  to  be  addt-d  to  the  first  sample.  \\C 
are  now  certain  ui  havinL'  one-sixteenth  of 
the  various  grades  of  coal  which  were  dc- 
li\ered  to  tln^  laboratory  in  I  lie  original 
sample. 

The  next  step  is  to  (horouL'hIv  mix  this 
remaining  sainple.  and  after  taking  a  fail 
quantity  of  (his  for  moisture  determination 
to  be  added  to  the  amount  ahi'ady  deter- 
mined by  air  drying- -lake  about  u  quarter 
of  it,  and  with  the  use  of  a  in'stle  and  niortar 
pUNH  the  whole  of  tliiH  ipiarter  through  a 
Wu'Vt'  having  (10  meKhcK  to  the  inch.  .\s 
with  Home  coiJh,  a  Iohm  of  about  O'a  per 
cent  (K-curw  through  dealin<,'  with  small 
'ptfintilieM  ut  a  lime  with  the  pewtle  and 
'ar  in  pUMHing  iIum  Hample  throu'di 
i  Mini  menli,  it  is  adviHable  to  determine 
the  moiHture  content   on   |iarl   of  the  sample 


18  Tht  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.      July.  1921. 


l)efore  passing  through  the  1  ;60in.  mesh.  , 
In  any  case  this  will  be  a  check  with  mois-  i 
ture  determination  in  'the  final  sample.  i 

"  Too  much  importance  cannot  be  at- 
tached to  seeing  that  the  whole  of  this  final 
sample  ])asses  through  the  sieve,  for  the 
more  friable  particles — which  usually  consist 
of  clean  coal — will  more  readily  break  w 
and  i)ass  through  the  fine  meshes,  leaving 
the  hardc'i-  particles — generally  slack — be 
hind;  and  if  these  are  not  broken  to  tlie 
same  fineness  and  mixed  \\  itli  the  re 
tiiaiiidii-,  tlie  sameple  will  be  spoilt. 

"  Aflci'  thoroughly  mixing  this  very  fine 
t'oal  on  a  sheet  of  glazed  paper,  we  can  take 
our  samples,  which  must,  of  course,  first  be 
dried,  for  the  calorimeter  test  and  analysis, 
from  any  part  of  the  heap,  and  if  the  differ- 
ence obtained  from  such  samnles  exceeds 
0-2  per  cent,  for  the  former  or  O'l  per  cent, 
for  the  latter,  something  must  be  wrong 
with  the  operation  of  detennining  the  heat 
value  or  analysis,  and  the  en-or  should  be 
looked  for  in  tliis  direction. 

"  Although  this  operation  of  sanii)ling 
mav  suggest  loss  of  moistuie  during  tlie 
whole  i)eriod.  on  actual  tests  this  loss  has 
not  exci'eded  H"''  |ht  cent,  even  on  a  coal 
contaiuint:  as  nnuli  as  12  per  cent,  of  liygro- 
scopic  iiioisluic,  and  llie  snuiHer  i  lie  (juantity 
of  lixgroscopii-  iiicisture  contained  in  a  coal, 
the  less  chance  there  is  of  losing  any  mois- 
ture by  this  method.  The  maxinium  loss  of 
()•.")  p.V  cent,  on  a  coal  of  12.000  J3.Th.U."s 
amounts  to  ()()  H.Th.U.'s,  which  is  negligible 
uiieii  compared  with  the  nuich  greater  error 
which  can  be  introduced  by  incon-ect  samp- 
ling. Fmther,  one  has  to  remember  that 
there  will  frequently  Le  a  loss  of  moisture 
duriug  the  .original  sampling  before  the  coal 
reaches  the  laboratory." 

2.  The  uac  of  Solvents  In  Esiimaiing  tlie 
Coking  QiinJifij  of  a  Vo<t\. — liroadly  speak- 
ing, it  has  been  established  that  the  coal 
substance  consists  of  the  tollowing : — 

1.  .\  cclhilosic  constituent, 

2.  .\    icsinic  constituent,   and 

.'I,    .\  nitrogenous  constituent, 

and  in  c\cry  process  in  which  coal  is  utilised 
each  jilays  its  own  definite  role. 

In  the  |)iesent  instance  it  is  intended  to 
confine  attention  to  the  resinic  constituent, 
which  it  has  been  definitely  shf)wn  is  of  vital 
importance  in  deciding  the  caking  or  non- 
caking  character  of  a  coal. 


in  the  first  place  it  was  necessary  to  de- 
vise a  method  which  would  permit  of  the 
extraction  of  the  resinic  constituent  withoiit, 
in  the  })rocess,  destroying  or  modifying  its 
character.  The  only  feasible  method  was 
by  employing  solvents.  Solvents  which 
have  been  shown  to  exert  an  extracting  in- 
fluence are  the  following  : — 

Benzene    (Fischer   i^-    (iludd)    (-'),    (Pictet 

i^  liamsmeyer  (--). 
( 'hlorc  )f  ( )v\  1 1  ( Smy  the) . 

Pyridine  (Clarke  .(•  Wheeler)  (-"),  (O  rah  am 
X  Winmell)  (-')• 

A  convenient  chart  can  be  drawn  up  as 
derived  by  Prof.  Bone  (/or.  eit.),  which 
enables  a  rapid  survey  to  be  made  of  the 
influence  and  character  of  the  lesinic  con- 
stituent.    (See  page  10.) 

\\\  examination  of  the  (luantity  of  oxygen 
ap])earing  in  the  products  will  show  it  to  be 
127  times  as  great  as  the  oxygen  present  in 
the  original  ])arent  coal,  thus  demonstrating 
that  the  ])rocess  was  not  one  of  ])ure 
solution. 

The  nioi'e  recent  work  of  (iraham  and 
W'inniell,  in  the  Doiicaster  Coal  Association 
Kesearch  Laboi-atory,  shows  that  the  errors 
ap])ai-ent  in  ('lai'ke  and  Wheeler's  results 
ai-e  |)rol)ably  due  to  lack  of  precaution  in 
inanij)ulating  the  pyridine,  which  they  have 
shown  must  be  in  a  nascent  state,  and  must 
be  used  out  of  contact  with  air  from  which 
it  absorbs  oxygen. 

This,  however,  does  not  in  any  way  de- 
tract from  the  value  of  the  work  as  demon- 
strating the  influence  of  the  resinic  consti- 
tuent on  the  coking  qualities  of  the  coal. 

Another  interesting  feature  of  Graham  A 
Winmell 's  work  was  the  demonstration  that 
if  oxygen  was  passed  over  the  insoluble 
residue  (cellulosic  constituent)  s|»()ntaneous 
ignition  took  |)lace.  Thus  they  exploded  the 
older  impression  that  it  was  the  sulphur  in 
the  pyrites  that  led  to  spontaneous  ignition, 
and  at  times  exi)losions  in  mines. 

(-')  Ki.s'.liei-  iind  (Iludd — Jii'r.  Dent.  Chrni.  OV'.v., 
1916. 

(")    Pictet  and  Ramsnieyer,  see  (.'«•<    World,  1917. 

(")  Clarke  and  Wiieeler— 7/nr/,  1913.  See  also 
Bnrge.ss  and   Wheeler,  .loiirn.    ('hem.  Snr.,  1911. 

(■')  (Jiahani  and  Winmell — I'roc.  //^'<^  Min.  Eng., 
1921. 
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Parent  (''»al. 
C=82-92\ 
H=  5-58 
N=  1-35 
S=  1-70 
0=  8-45 
Vol:Uile>; 
.%-73=' 


Insoluble  SC) 
in  Pvridiue. 


/    C=8U-81 
H=  .5-23 
X=  214 
S=  1-41 
0=10-41 
Volatiles 
34-96y' 


An  examination  of  this  residue  showed  that  a. 
certain  amount  of  destructive  distillation  took 
place  at  low  temperatures,  but  the  substance  it- 
self did  not  melt  or  coke  together  as  the  original 
coal  did. 

On  heating  t<>  iiigh  temperatures  large  quan- 
tities of  gas,  high  in  H,"^,  were  evolved.  Hydrogen 
was  particularlv  pronounced  between  750  and 
800  deg.  C. 


Insoluble   in 
Chloroform  16^ 


\_ 


S<^>luble 
20V 


C=77-32°/: 
H=  514 
N=  207 
S=  1-21 
0=-14-2 
Volatiles 
31-88°/ 


Soluble  in 
Chloroform  4' 


C =85-335/ 
H=  7-08 
N=  1-71 
S=  1-32 
0=-  4-56 
Volatiles 
77-337 


This  beha\ed  very  much  as  did  the  above 
insoluble  residue.  It  did  not  coke  or  melt 
and  yielded  large  quantities  of  H, — but  no 
hydi-ocarbons,  showing  that  the  extra-r  on 
with  pyridine  was  an  over-extraction  whicli 
was  corrected  by  the  additional  use  'if 
chloroform. 


Tliis  jiorticn  melted  quite  easily  like  tar 
itself  and  began  to  decompose  and  distil 
over  on  lieating  at  quite  low  temperatu  es. 
and  yielded  large  volumes  of  heavy  saturac  xl 
and  unsaturated  hydrocarbons.  It  •^•.ls 
resinic  in  character  and  apf)earance,  and 
evidently  is  responsiifle  tor  the  caking 
character  of  the  coal. 


Notices  and   Abstracts  of  Articles  and 
Papers. 


AKAI.VSIS  CF  FA  It   FAST  HAND  OI5K 


»',v  F.  \V.  Watson 


{I'nnlfd  m  Jnurnnl,   Mmj.   1921.) 


roKRIOKJfni'M. 


nh. 


ft-':';i; 


r'HFMIHTRY 

\tt. '"                 Hii    pre  •,    i,r    Fbnirii    Krrt> 

W«T»»                       '.    ,.    in     y,,il     Wlllr- 

Sill  II    w«trr    alnvi*!    tu-  ■ 

Xmtw^tfs  ty    I',     ir,.-     |.  iht    '.(     Mitiiratioii    (or     ii.-- 


particular  ti-ni|icratiii'«*  niiH  pn'.H.siiii'.  At  nrdjiiary 
t<-tii|HTatiireH  aiul  prpsHiireH,  18  re.  nf  piirt"  nitruKfii 
iiiiii  35  t'c.  of  purr  iixygeii  fdrm  anturatcd  suhitinii.s 
witli  iMie  litre  of  water.  Tlie  ipiantitii'.'s  I'l  i-atli 
tlJNKiilvi'd   from   air  are  therefore  : 

\:tn.H.-ii:  0-8 X  18-- 14-4  ic 

OxyRci, :  0-2x35 -70  n  . 
Tlin   air   ilium ilvi-H    in    water    will   tln'refnrr    imilaiii. 
ruiiKhly,    33    |MT    t'iMit.    of    i.xvKt^ii.    aiul    hr    Iwiii-   an 
rii  h  in  tliiii  ({ait  nr  atmoHfihenc  air. 

Mrlh'id  iif  Oxifijni  /htrrmin'itioii .  -  Max  Miilli-r'x 
rni-tliixl  with  iiiorliftcntiotiH  in  iihi-iI.  MaiiKaiir>*i> 
miliihate  in  iliiMohed  in  thi-  Minipli-  to  hi'  tinted. 
itii().  hv  tlir  addition  of  ii<Hiiuni  hydrate*,  the 
livdriited  mmiKAiieNe  monoxide  ih  preiipitateii :  (Inn 
ihnoihii  the  'ixyKi'ii  conluiiiid  in  (he  watei  (iiiiih- 
('irnniiK  it  intu  un  oiky  nalt  and  the  dioxide;  thin  in 
trenteii  »illi  lit  I.  renitlliK  <iti  the  nxiden  nl  mail 
((anesr.    ({iviii;{    iiff    II    r|iiNiitity    of   rliloliiie    i-ipiivaleiit 

l<i    the    ipiaiility    ••(    <ixyi{eii    nhimrlied        The     fr I 

iMKliiim    I  hlnride    resrla    on    KI.,    freeing    the    e<|iii- 
aleni  of  iiMlinr.     Titrntion  by  hypoimlphite  of  nodn 
.ive*     th»     quantity     of     iofiine.     and     ennhleN     the 
•■<|tii%'alrnt  o(  iixyKeii  to  he  determined 
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Wlien  the  sulphate  of  manganese  is  dissolved. 
5  ( e.  of  NaOH  is  added  and  shaken.  A  dirty  white 
precipitate  is  formed,  turning  more  or  less  yellow, 
acn.rding  to  the  quantity  of  oxygen  content  in  the 
water.  At  the  end  (jf  a  quarter  of  an  hour  the 
absorption  of  o.xygen  is  complete.  Next  2  cc.  of 
solution  of  50  n'er  cent.  KI.  free  from  iodate  is 
added,  and  then  20  cc.  concentrated  HCl.  Shake 
until  Drecipitate  is  dissolved.  The  iodine  is  then 
determined. 

The  method  is  simple,  rapid  and  exa<t.  and  is 
delicate,   with  only   traces  of   oxygen   present. 

7{f moral  of  Ojri/t/cn. — Several  physical  methods 
are  mentioned  such  as  the  spraying  into  vacuum 
and  boiling.  Kestner  describes  his  chemical  method 
in  which  he  reduces  practically  all  the  oxygen  by 
means  of  steel  turnings  containing  up  to  08% 
of  manganese.  He  has  discovered  that  nianganese 
acts  as  a  catalyser  in  hastening  the  oxidation  of  the 
iron  or  transferring  the  oxygen  from  the  solut-on 
to  the  steel.  To  avoid  the  slowing  of  the  oxidising 
proc-ess  by  the  rust  dept)sit  on  the  iron,  he  has 
found  that  the  red  iron  rust,  after  a  day's  standing 
in  oxygen  free  water,  becomes  an  oxide  of  a  greenish 
hlack  colour.  This  transformation  is  due  to  the 
reducticm  of  the  ferric  hydroxide  by  the  metallic 
iron,  ferrous  oxide  being  formed  by  the  following 
reaction : — 

•2  Fe(OH)3  +  Fe  +  2H,0  =  Fe,(OH),  +  2H. 

2  Fe(0H),  +  Fe  =  3Fe(0H),. 

The  reaction  takes  place  in  the  presence  of  iron 
and  absence  of  oxygen.  The  process  therefore  be- 
I omes  recuiierative.  In  practice  a  column  of  turn- 
ings of  sufficient  quantity  for  half  only  to  be  in 
action  is  used.  The  water  is  pa.s.sed  through  alter- 
nately upward  and  downward,  the  fir.st  half  acting 
as  a  reducer  of  oxygen  in  solution,  and  the  second 
half  as  regenerative  of  the  ferrous  oxide.  The  con- 
sumption of  iron  turnings  varies  according  to  the 
r)xygen  content  of  the  water,  and  is  small;  it  varies 
from  one  to  three  grammes  per  cubic  metre  of 
water. 

(Abstract  of  the  portion  dealing  with  de-aeration 
of  water  or  solutions  in  a  paper  entit'ed,  "  De- 
gassing and  Purification  of  Boiler  Feed  Water,"  by 
Paid  Kestner.  at  a  joint  meeting  of  the  Institution 
of  Medianical  Engineers  with  the  Society  of 
Chemical  Indu.stry.  4th  March,  1921.)     (F.  W. ) 

R.\i'n>  .Mkthod  kou  the  An.u.ysis  of  .Mone;. 
Metal. — "The  accumulation  of  large  volumes  of 
filtrates,  necessitating  considerable  evaporation,  is 
avoided  bv  using  separate  .samples  for  the  deter- 
niiiiatiun  of  the  different  ( onstituent  eleniPiits. 
Carbon  i.s  determined  by  direct  combustion  in  a 
Fleming;  apparatus  (//on  Ai/i-.  .Tan.  1.  1914).  Fi)r 
the  estimation  of  silica.  1  grm.  of  M(mel  metal  i.s 
dissolved  in  nitric  acid  and  the  solution  evajiorated 
to  about  7  cc.  diluted  to  50  tc  and  filtered. 
Dehydration  of  silica  is  not  considered  essential  for 
most  pur)io.ses.  C'opi>er  is  deposited  by  electrolysis 
from  the  filtrate  made  up  to  150  ci .  and  acidified 
witli  5  «c.  of  siilfihiiric  acid  (1:1).  using  a  current 
nf  IS  amps,  for  2  hours.  A  separate  solution  of 
1  grm.  of  borings  in  nitric  aci(l  is  used  for  the 
precipitation  of  iron  and  aluminmm  hydroxides. 
which  are  re-di.s.solved  in  hydrochloric  acid  and 
the  iron  re- precipitated  by  means  of  i)otas8ium 
hydroxide.  Iron  is  estimated  by  reducing  the  solu- 
tion   of     the    precipitate     in    hydrochloric    acid     by 


means  of  stannous  chloride  and  titrating  with  per- 
manganate, using  a  "  preventive  solution  "  contain- 
ing 160  grms.  of  manganou.s  sulphate,  330  cc.  of 
syrupy  pliosj)horic  acid,  and  320  cc.  of  concentrated 
sulphuric  acid  in  1750  cc.  of  water.  Manganese  is 
det-ermined  by  the  bismuthate  method,  and  nickel 
by  means  of  dimethylglyoxime,  care  being  taken 
to  obtain  the  proper  degree  of  alkalinity  in  the 
latter  method."— P.  Covitz,  Chem.  and  Met.  Eik/.. 
1920.  22,  31-32.— ./«(//;i.  Sac.  Ohem.  ItuL.  Feb.  28. 
1920,   p.    157a. 


METALLURGY. 


Electro-dei'Osition  or  Golu  and  Silver  from 
Cyanide  Solutions. — "The  paper,  which  embodies 
the  results  of  twenty  years'  investigations  on  the 
electro-deposition  of  gold  and  silver  from  dilute 
cyanide  soluticuis  such  as  are  obtained  in  the  leach- 
ing of  ores,  contains  a  review  of  all  the  methods 
that  have  been  proposed,  more  especially  those 
which  the  author  himself  has  worked  out.  Clear 
solutions  and  rapid  circulation  are  necessary  for 
good  results.  A  large  cathode  area  and  an  excess 
of  potassium  cyanide  above  that  required  to  form 
the  double  cyanides  are  necessary  for  rapid  and 
complete  precipitation,  Mid,  if  the  voltage  is  kept 
lo'v  and  the  circulation  rapid,  a  considerable  amount 
of  cyanide  is  regenerated.  The  current  should  be 
stopped  at  the  point  at  which  the  amperage  becomes 
constant.  Tlie  use  of  pervious  electrodes  (frag- 
ments of  carbon   packed   in  boxes)   both  as  anodes 

i    and     cathodes    has    been    adopted.         A    complete 

j  description  of  the  construction  and  working  of  a 
model  plant  is  given.  The  cell  consists  of  an 
oblong  wooden  box  containing  a  simple  pervious 
cathode  at  one  end  and  a  simjile  pervious  anode 
at    the    other.     The    intervening    space    Is    filled    up 

;    with  a  series  of  compound  pervious  electrodes  i  in. 

I   apart   with   a  potential   of   3  o   volts  between   each. 

;  The  electrodes  are  all  made  uj)  of  "  Excelsior  " 
charcoal  (carbonised  "  Excelsior  fibre  ")  i)acl(ed  in 
wooden  frames,  both  sidi^s  of  which  are  covered 
with  cheesecloth.  The  solution  is  circulated 
through   the   box    by    means   of   a   small    centrifugal 

I  pump ;  the  speed  of  circulation  is  determined  to 
a  large  extent  by  the  current  gap,  a  i  in.  gap 
giving  three  times  the  capacity  that  a  ^  in.  gap 
gives.  In  the  former  case,  for  example,  for  a  96% 
precipitation  a  maximum  capacity  of  144  tons  per 
2o  hours  for  a  1-ton  box  was  obtained." — S.  H. 
Christy,  U.S.  Hureau  of  Mines,  Hull  l.-iO.  1019. 
p.  \7].—Jovr.  Sor.  ('/icw.  /nil.,  15th  Mav,  1920. 
p    .337a.     (.7.   A.   W.) 
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THE   KATA-THERMOMETEE   AND  ITS 
PRACTICAL  USES  IX  MIXING. 


By  H.  J.  Irel.\nd,  M.B.E..  B.Sc. 
AMICE. 


(Prinfed  in  Journal,  Souember,  1920.) 


ADDENDIM. 


In  connection  v.ith  Dr.  Leonard  Hill's 
Kata-thermometer.  the  formulae  giving  the 
relation  of  cooling-power  to  wind  velocity 
have  been  recently  revised  by  careful  and 
exhau-stive  tests  carried  out  in  the  wind 
tunnels  of  the  National  Physical  Laboratory, 
sind  the  results  have  just  come  to  hand. 

The  formulae  previously  given  were  based 
chiefly  on  tests  carried  out  at  the  East 
London  College,  low  velocities  were  not 
ir  •■  'ited.  and,  unf-  *  —  tely,  some  error 
r  .i.    in    tho<;e  •  <:    which    were 

meaRured. 

The    '  of   the   rfvjnf4   t«st.s   curried 

'■>nt  in  t;.  .  .  and  "ft.  wind  tunnel.'^  of  the 
'.'.P.L.  airree  with  results  obtained  at  Oxford 
b V  r  ities,  anrl  agree 

ftl"-'  :...;   Eftfit   London 

(  ^nn  now  therefore  be 

I  with  The  now  formul* 

'•    ••■    f-n   vflocities 
<  and    tho«e 

'  1      by     aneniomet*>r,     which     were 

nf  time  ago. 
'    nr»'  now  given  in 
teniM  of  the  wet  bulb  temperature  inntend 
'  *  Ii  iH  a  (''>rm'u\i-rn})\f^ 

a  .  ♦Ime  anrl  tr'>itl.I<- 

of  I"  ir  prfn*ur< 

Ory  kata  formula 

L*-t  If  HR  power  in  millicalorin*  per 


'i.t 


t  iri*     irt     t 


•  T, 


I'tTren  Cont.. 
in    motn-H   per 


Then    for    wind   velocities    greater    than    1 

metre  per  sec,  i.e.,  for  values  of  H  q  orreater 

than  06.  _ 

H  =  (0-13  +  0-47yV)^  (i.) 

For  wind  velocities  less  than  1  metre  per 

sec. 

H-=(0-2^0-4v/T)^  (ii.) 

Formulae  fi.)  and  (ii.)  expressed  in  feet 
per  minute  and  degrees  Fahrenheit  be- 
come— 

H-(0072  +  0010v/V)^  (iii.) 

and 

H  =  (011  +  0016^V)d   (iv.) 

where  ^  =  (977 -t),  t  being  the  air  tempera- 
ture in  degrees  Fahr. 

Wet  kita  jormulcE  : 

Let  H'=wet  cooling  power  in  ni-cal.  per 
sq.  cm.  per  sec. 

t'=-wet    bulb    temperatmn    oi    air    in    de- 
grees Cent. 
j        e'^(36".5- 1')  V^velocity   in    metres    per 
sec. 

For  velocities  greater  than  1  metre  per  sec. 

H'=f010+l-10^V)e'   (v.) 

For  velocities  less  than  1  metre  per  sec. 

H'- (0-3.5 +  0-8.)^\7(9'  (vi.) 

Formula-  (v.)  and  (vi.)  expressed  in  feet 
per  minute  and  degrees  Fahrenheit  be- 
come— 

\V     ((i().-)0  +  011^V)fl'   (vii.) 

and 

H'-(OinrOO«2^V)d'   (viii.) 

wIkto  6  (07'7-t'),t'  being  the  wet  bulb 
temjx'ratun'  in  degrees  Fahr.  and  \'  the 
velf)fity  in  f«'et  per  miiuite. 

The  c«u-ve«  giving  relation  betwcin  II  o 
and  velority  (Fig.  II.)  and  relation  between 
temperature  and  wind  veI«K*ity  for  dry  cool- 
ing powern  of  fl,  8  and  10,  (Fig.  lU).  were 
I  on  the  «^»lil  foniiuhi-.  ami  are  therefore 
'•ouH.  The  correKponding  curveK  eor- 
rccU'd  to  the  new  fomiulu?  are  given  ln*re- 
with. 
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DISTEIBUTIOX  OF  GOLD  IN  BANKET 
ORE  CLASSIFIED  PRODUCTS  WITH 
REFERENCE  TO  BULLING  AND 
CYANIDING  OPERATIONS. 


Bv    F.    WAliTKNWKlLKl!. 


{printed    in    Journal,    June,    J'J21.) 

DISCUSSION. 

Dr.  W.  A.  CaldecoU:  The  Society 
is  indebted  to  'Sir.  Wartenweiler  for 
his  paper  embodying  tlie  results  of 
long-continued  and  laborious  oil  flotation 
tests  upon  finely  crushed  banket  ore  pro- 
ducts. It  is  somewhat  remarkable  that  so 
numv  veai-s  should  have  intervened  before 
further  progress,  since  early  in  this  century 
the  important  subject  of  gold  distribution 
in  banket  ore  products  was  investigated  in 
sonu'  detail  by  means  of  other  classification 
metliods. 

In  considering  the  relative  proportions  of 
gold  and  p.yrite  separated  by  oil  dotation, 
the  fact  that  the  author  crushed  all  sand 
samples  to  pass  a  screen  of  150  meshes  per 
hnear  inch  is  of  great  iiii])(>rtance,  an  effec- 
tive oil  segregation  being  thereby-  rendered 
possible  of  the  gold  and  i)yrite  released  from 
attachment  to  larger  quart/,  particles.  It 
does  not,  however,  follow  that  tlie  pyrite 
carried  the  gold,  as  galena  does  silver,  in 
the  original  ore  or  sand  grains,  but  merely 
that  the  fine  crushing  set  free  from  the 
siliceous  matrix  many  individual  and 
Separate  gold  and  pyritic  j)articles,  and  thus 
rendered  the  fonner  available  for  amalgam- 
ation, or  capable  of  separation  together  with 
the  pyrite  by  oil  flotation.  This  considera- 
tion is  of  great  importance  as  it  explains 
the  failure  of  attempts  in  earlier  years, 
accompanied  by  very  large  capital  ex])endi- 
ture,  to  jn-ofitably  employ,  on  banket  ore 
tailing,  concentrators  of  the  vanner  and 
Wiltley  typo. 

From  a  report  by  Messrs.  W.  Ik'ttel  and 
•T.  H.  Johns,  published  by  the  Witwaters- 
rand  Chamber  of  Mines  on  2nd  December, 
IH'.H),  upon  concentration  by  vanners  in  the 
Ferreira  Mill,  the  following  results  are  cal- 
culated :  — 


TroducU  ,,  Pyrite 

Tailing  pulp   l)efore 

vanners  ...     21 78 

Tailing     pulp    after 


Uwt.lioW       Dwt  Gold 
piT  ton       )wr  i'/,  Pyrite 


11-3^ 


vanners 


0-82; 


/  /•) 


)-22 


0-39 


Hence  the  vanners  recovered  621%  of  the 
pyrite,  but  only  31*8%  of  the  gold. 

The  determination  of  the  percentage  of 
pyrite  and  a?«ay  value  of  each  of  the  grades 
obtained  by  the  author  by  sieving  sand 
(Ref.  9j  should  illustrate  the  different  ratios 
of  gold  to  pyrite  in  the  sized  products  both 
before  and  after  cyanide  treatment.  The 
following  table  based  on  Mr.  McA.  John- 
ston's examination  of  a  graded  banket  ore 
final  tailing  pulj)  ("Rand  Metallurgical 
I'ractice,"  Vol.  I.,  page  349),  illustrates  the 
disjiroportionate  distribution  of  gold  and 
pyrite   in    this   product:  — 


Gra<lf 

%  Pyrite 

Dwt    Gold 
|H-r  ton 

D\vt.  Gold 
l*yrito 

-1- 

60  mesh  .. 

036 

157 

436 

— 

60  -h  90     . . 

062 

1-36 

219 

— 

90 -+-125    .. 

.     2-46 

230 

ro7 

— 

125  +  200 

1-20 

ISO 

067 

— 

200  mesh.. 

.     2<J4    , 

344 

086 

A  similai'  examination  of  the  tailing  i)ulp 
from  a  ty])ieal  Far  East  liand  mine,  sucli  as 
the  Geduld,  would  be  of  great  interest. 

As  regards  the  distril)ution  of  gold  and 
pyrite  particles  in  the  matrix  of  banket  ore 
itself,*  the  fonner  is  usually  embedded  in  a 
siliceous  matrix,  though  frequently  adjacent 
to  pjrite,  as  shown  in  the  I.M.M.  paper 
and  in  Prof.  R.  B.  Young's  book  on 
"Banket,"  wliich  ai'e  referied  to  liy  the 
author,  and  as  pointed  out  many  yeaus  agO' 
by  Drs.  Hatch  and  Corstorphine  in  a  paper 
read  before  the  Geological  Society  of  South 
Africa,  November,  1904,  in  tlie  following 
terms  :  — 

"  Although  rarely  visible  in  the  hand 
specimen,  the  gold  ean  l)e  easily  studied 
uiulei-  the  microscope,  if  speciiiu'iis  Icnowii 
to  be  rich  in  it  are  examined.  In  tlie  slides 
which  we  have  examined,  the  iioble  metal 
occui-s  in  irregular  angular  jiaiticles,  often 
lying  on  the  periphery  of  indi\i(lual  pyrites 
crystals,  or  in  tlu^  interstices  between  aggre- 
gates of  that  mineral.  We  have  seen  no 
instance  of  the  gold  lying  inside  :\  homo- 
geneous crystal  or  piece  of  pyrites.  In  many 
cases  perfectly  round  pieces  of  pyiites  may 
be  observed  to  be  bounded  i)v  L;old  par- 
ticles." 

From  a  metallurgical  standpoint,  the 
author's  contention  appears  proven  that 
very  fine  crushing  is  a  necessary  preliminary 

*  See    "  Hand    Metallurgical    Practice,"    Vol.    T., 
Cliaplcr   .\I.,    |).    382. 
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to  a  good  concentration  of  the  gold  by  oil 
riotation. 

Referring  to  the   aqua  regia  tests,   it   is 
not  clear  why  more  encased  gold  was  found 
in  the   sand   original   than  in  the   residue, 
since,  with  sutficiently  long  treatment,  the 
aqua   regia    should    dissolve    all    accessible 
gold  and  pyiite  in  both   cases,   and   hence 
the  ultimate  encased  gold  should  have  been 
the  same  in  each  case,  as  penetration  of  a 
solid  siliceous  envelope  by  cyanide  solution 
can  hardly  be  seriously  maintained. 

Incidentally   it   may   be  pointed  out  that 
since  pyrite   is  soluble  in  aqua  regia,   the 
solvent  action  of  the  latter  on  gold  is  not 
confined  to  gold  particles  wholly  or  partially 
exposed  in  sand,  but  extends  after  dissolu- 
f  ■  'he  pyrite  to  any  pold  particles  lying 

L        __..    the    joint    surface    of    pyrite    and 
silica  in  **  mixed  grains."    Hence  more  gold 
is    "  '    "    to    aqua    regia    than    to 

cvaii.  ..       .  ...  .n  in  sucii  mixed  grains. 

The  author's  deduction  that  +  200  mesh 
gold  should  be  returned  to  the  tube  mills 
by  the  classifiers  for  further  grinding  has 
apparently  in  view  its  subsequent  solu- 
tion in  cyanide,  but  as  the  bulk  of  Rand 
gold  recovery  is  by  means  of  amalgamation 
and  two-thirds  of  nHjtlern  crushing  is  done 
in  tube-mills,  the  practical  oi)jective  would 
appear  to  be  o'*'  ■  '  •  '  •  -ompt  amalgam- 
ation of  all  fr-  le  in  the  tube- 
mill  outflow  pulp.  Coarseness  of  gold  par- 
t"  '      '      '  *   '              '         ition.  and  recovery 

the    value    of   the 

■  lilinc     pulp,      thereby      facilitating 

♦    and  '      inj:    to    low 

and    i: -   lal    gold    re- 

ry.     The  Kame  reasf>ning  applies  to  the 

umihL  '•    by 

..;,  .     Hue    .....g    in 

1<*      pulp      and      Kiind      charge, 
ii       would       presiiiii.ihly       liavi-       been 

'•    " ■    ^  in  the  red-   *-••   plant  bv 

not  bv  I-  _',  had 

Ic  to  corrv  the 

■     ■*        of 

f  ;it 

!■*  m  the-  t«'HlK  re<-orf|od  bv  the  author. 


SVMI«,.-ii  .\i     .MINKHS'  J'nTlii.M> 
Mr   WUliam  Allan:  ' 

f'.i     ilii-    |»r« 
vn  into  the  ntiir  during  drilling 


ts  r-  tiirhlv  to  rover  the  collar  <>f 
d   with   n   Mort  of  cup 


this  cap  the  air  would  be  exhausted  through 
a  tube  by  means  of  a  compressed  air  jet. 
The  air,  passing  through  a  dust  trap,  would 
be  freed  from  dust  and  deli\ered  to  the 
atmosphere. 

The  cap  could  be  made  of  stout  leather 
on  a  steel  frame  and  could  be  held  in  posi- 
tion over  the  collar  of  the  hole  by  means 
of  a  jointed  arm  clamped  to  the  bar  of  the 
machine.  The  cap  could  be  j)rovided  with 
three  openings: — First,  the  exhaust  pipe: 
second,  an  oi)ening  to  which  a  water  linse 
could  be  attached  so  that  the  water  would 
play  on  tlie  collar  of  the  hole  ;  third,  a  drain 
pil)e  to  carry  awa3-  the  sludge.  The  cap 
could  not.  of  course,  be  nuide  to  tit  the  face 
or  the  jumper  closely.  That,  however, 
woulfl  not  be  at  all  necessary  since  the 
exhausting  of  the  air  in  it  would  cause  a 
draught  of  air  to  pass  inwards  through  these 
spaces  which  would  pick  up  those  dust  par- 
ticles which  had  escaped  the  water  and  carry 
them  with  it  into  the  exhaust  tube  and 
thence  to  the  dust  trap. 

The  dust  trap  could  be  one  of  various 
kinds.  Probably  the  simplest  and  most 
efficient  type  would  be  one  using  sticky  sur- 
faces placed  in  the  form  of  l)aflfles  in  a  small 
box.  The  size  of  the  box.  numl)er  of  baflfles, 
size  of  baflfles  and  best  substance  to  be 
used  V)  render  the  surfaces  sticky  could  best 
be  found  by  experiment.  These  baflfles  could 
be  taken  out  and  recoated  with  the  sticky 
substance  daily  or  at  such  intervals  as  would 
be  found  necessary  1)V  experience. 

The  exhausting  ap|)aratiis  c<)uld  be  of  ex- 
tremely simple  construction.  .\  fine  jet  dis- 
charging into  till'  pipe  leading  out  of  the 
dust  trai>  would  u.se  ver\  little  compressed 
air  and  at  the  same  time  give  a  very  fair 
>;uctioii. 

I  do  not  see  any  \erv  great  objection 
to  the  use  of  this  ca|t  with  any  type  of 
machine  at  present  in  use  on  the  Rancl.  It 
eoiild  be  set  in  position  in  a  few  si-conds 
and  moved  from  one  hole  to  another  in  even 
letw  time.  The  necessity  for  long  extra 
h'  nid   be  done   awav   with   by   liaving 

a  ;  ••  inserted  in  the  hose  fecdiiii,'  tlie 
machine  with  compressed  air  about  three 
feet  from  the  machine.     Kiom  the  one  linili 

''f  tins  T  piece  a  Kliort  piece  of  piping  WolllU 
•  d  coinpre-ned  air  to  the  exhausting  jet. 
rhe  ffiily  other  extra  hose  iieeeHHarv  would 
Im*  that  conneeling  tin-  dust  trap  to  the  eap. 
TliiK  would  require  to  be  idioul  ten  feet  long. 
The  duHt  trap  and  jet  could  then  lie  on  the 
'     •       "   '    "iiijd  the  machine 

iqiparatils  would   b"   eNlnniels 
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simple,  and  could  easily  be  made  such  that 
it  would  stand  the  ever-present  rough  hand- 
ling to  which  everything  used  underground 
seems  doomed. 


Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTHY 

P.':.urARATiox  OF  Fuller's  Earth  (for  Treatment 
OK  Mineral  Oils). — "  The  bleaching  action  of 
fuller's  earth  on  mineral  oils  is  independent  of  its 
chemical  composition,  and  depends  on  its  power  of 
selective  absorption.  The  following  factors  are  im- 
portant :  The  longer  the  column  of  earth  the  better 
the  bleaching  effect  ;  the  coarser  the  earth  the  more 
rapid  the  flow  and  the  poorer  the  bleaching  effect ; 
the  higher  the  temperature  the  faster  the  flow,  and 
the  poorer  the  bleaching  effect.  Filtration  should, 
therefore,  take  place  at  the  lowest  temperature  com- 
patible with  the  fluidity  of  the  oil.  The  fiist  burn- 
ing of  the  earth  should  take  ])lace  at  about  G00° 
to  700°  F.  (315°  to  .370°  ('.)  ;  this  merely  removes 
water  and  organic  matter.  There  should  be  no 
fusion.  After  use  the  eartli  mav  be  revivified  by 
further  burning  at  1050°  to  l'lOO°  F.  (565°  to 
590°  C.)  ;  with  Florida  earth  the  optimum  tempera- 
ture is  1100°  to  1200°  F.  (590°  to  650°  C).  Very 
serious  loss  in  efficiencv  results  from  over-burning." 
— \V.  ('.  Phalen,  Chnn.  and  Met.  Eiuj..  1919,  21, 
4m.— Jour.  Soc.  Chcin.  Iiid.,  Feb.  10,  1920,  p.  97.A. 
(,).   A.   W.) 

Further  Proble.ms  i.\-  Contact  Catalysis. — 
"  Several  features  of  tlic  |)henomenon  of  contact 
catalysis  in  cases  where  carrier  action  or  formation 
of  intermediate  compounds  does  not  take  place,  are 
discussed  by  the  author.  Most  contact  agents  have 
a  porous  or  finely  divided  structure,  v.fj.,  bog  iron 
ore,  firebrick,  platinun)  de[)osited  on  asbestos,  etc., 
and  platinum  gauze,  which  ac(|uires  activity  in  use, 
is  found  to  have  developed  a  corrugated,  pitted 
surface.  Although  these  porous  materials  are  also 
adsorbent,  yet  the  two  ])henomena  of  catalysis  and 
adsorption  are  quite  distinct.  Thus,  although  char- 
coal shows  marked  adsorptive  action  towards  carbon 
mono.\ide,  oxygen,  and  carbon  dioxide,  its  activity 
in  promoting  the  oxidation  process  is  practically  nil 
compared  with  metallic  oxicles.  On  the  other  hand, 
ethylene  and  oxygen  react  at  ordinary  temperatures 
in  presence  of  charcoal.  The  differentiations  may 
be  due  to  the  relative  adsorj)tive  capacities  of  char- 
(■r)al  and  metallic  oxides  in  one  case,  and  preferen- 
tial adsorption  of  particular  gases  by  charcoal  in 
the  other.  Data  in  regard  to  the  amounts  of  gases 
which  may  be  adsorbed  separately  or  from  a  mix- 
ture are  still  scanty.  The  effect  of  poisons  on 
catalytic  agents  may  be  explained  by  their  interfer- 
ence with  the  adsorptive  properties  of  the  catalyst, 
but  the  time  factor  or  velocity  of  adsori)tion  must 
be  taken  into  consideration,  and  since  the  normal 
time  of  contact  is  extremely  short,  the  effect  of  the 
poison  mav  be  due  to  a  reduction  of  the  velocity 
with  which  adsorption  occurs.  Charcoal  used  for 
aas  masks  gave  very  different  results  in  the 
"  clean  "  and  "  unclean  "  condition.  The  adsorji- 
tion  curves  indicate  that,  although  the  ultimate 
amount  adsorbed  would  be  the  same,  yet  the  clean 
charcoal  has  a  much  higher  velocity  of  adsorption 
in  the  early  stages.  The  nature  of  the  adsorbent 
is  important,  and  an  alteration  of  its  chemical   re- 


activity influences  its  catalytic  activity.  Copper 
oxide  wire  is  reduced  by  hydrogen  at  300°  C,  but 
if  the  copper  is  oxidised  at  a  lower  temperature, 
subsequent  reduction  will  occur  at  a  temperature 
as  low  as  100°  C,  and  such  copper  oxide  will  also 
catalyse  hydrogen  and  oxygen  at  100°  C.  The  in- 
crease of  catalysis  by  promoters,  such  as  small 
quantities  of  chromium  oxide  added  to  iron  oxide, 
has  not  been  fully  accounted  for." — H.  S.  Taylor, 
Traill.  Amcr.  Etcctroc/icin  Soc.  1919.  167-173.— 
Journ.  Soc.  Chcm.  liid.,  Feb.  16,  1920,  p.  91A. 
(.1.    A.    W.) 

Fixation  ok  Ethylene  Present  in  Coke-Ovln 
Gas  as  Alcohol  and  its  Derivatives. — "  Peat  coke 
has  been  used  successfully  at  the  Skinningrove  Iron- 
works during  the  war  for  the  separation  of  ethylene 
and  other  gases  from  the  gaseous  products  of  car- 
bonisation processes  (this  Journal,  1919,  857A). 
Tiiough  this  method  is  advantageous  in  some  cases, 
sulphuric  acid  (95%)  is  preferable  as  an  absorbent 
when  li(iuid  derivatives  of  ethylene  are  to  be  pre- 
pared, riie  hot  gas  from  the  retorts  is  cooled  and 
purified  in  the  usual  manner,  and  then  passed 
through  a.  drying  scrubber  in  which  80%  sulphuric 
acid  is  circulated.  The  gas  is  then  heated  to  60° 
to  80°  C,  the  hot  retort  gases  being  utilised  for 
this  purpose,  and  is  then  passed  into  the  ethylene 
scrubbers,  which  contain  95%  sulphuric  acid,  also 
maintained  at  60°  to  80°  C.  The  acid  flows  in  the 
opposite  direction  to  the  gas,  the  acidity  being 
reduced  by  about  10%  on  leaving  the  scrubbers. 
'Phe  alcohol  is  distilled  off  by  means  of  su])erheated 
steam,  or  acetic  acid  may  be  obtained  by  electro- 
lysis or  by  the  use  of  ozonised  air.  Any  sulphur 
dioxide  formed  by  the  reduction  of  the  sulphuric 
acid  is  recovered  by  interaction  with  hydrogen  sul- 
fjhide  in  the  crude  coke-oven  gas.  A  jilant  dealing 
with  5,800  tons  of  coal  per  week  should  yield  9,280 
gallons  of  absolute  alcohol,  taking  a  50"o  conversion 
of  ethylene  to  alcohol  as  actually  obtained.  The 
leduction  in  calorific  value  of  the  extracted  gas  is 
small." — E.  Bury,  Cleveland  /«.«/.  I'Jiuj.  Ga.<(  J.. 
1919,  118,  718-721.— /oi/rH.  Soc.  Chew.  Ind..  Feb. 
16,  1920,  p.  94A.     (.1.  A.  W.) 

Liquid  Air  Explosives. — "  So  far  as  mine  rescue 
is  concerned,  the  utility  of  liquid  air  has  already 
been  established  in  the  Notts,  and  Derbyshire 
coalfields,  as  litjuid-air  plants  have  been  installed 
at  the  Chesterfield,  Mansfield  and  Ilkeston  rescue 
stations.  Its  usefulness  in  blasting  operations  has 
now  been  ascertained,  and  on  Tuesday,  the  16th 
November,  a  demon.stration  of  what  it  can  do  m 
this  direction  was  given  by  the  Licjuid  Air  and 
Pescue  Syndicate,  Limited,  at  the  Pieasley  Junc- 
tion quarries,  Mansfield  Woodhouse.  Nottingham- 
shiie,  owned  by  Mr.  William  Sills.  The  demonstra- 
tion was  witnessed  by  a  representative  gathering 
of  colliery  owners,  managers,  and  mining  officials. 

"  I'he  Syndicate,  the  Headquarters  of  whicli  arc 
at  Park  Royal,  London,  was  formed  in  1913  with 
the  object  of  manufacturing  liquid-air  ])lants.  .\t 
that  time  liquid  air  was  looked  upon  as  a  scientific 
curiosity,  but  the  fact  that  the  Syndicate  has  su))- 
plied  plants  to  various  mining  centres  in  this 
country  and  the  Colf)nies  for  mine  rescue  work  is 
evidence  of  it  having  reached  the  practical  stage. 
Experiments  with  a  view  to  a.scertaining  its  further 
utility  were  being  carried  out  in  1914,  but  these 
were  interfered  with  by  the  outbreak  of  war.  After 
hostilities  had  ceased,  however,  the  experiments 
were  proceeded  with,  and  it  was  found  that  liquid 
air  could   be   utilised   with   marked   effect  as  a  con- 
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stituent  of  explosive. 

"  The  explosive  consists  of  a  cartridge  formed 
of  a  stiff  paper  wrapper  filled  with  carbonaceous 
material,  which  varies  according  to  the  work  to  be 
done.  Filled  with  cork  dust,  sawdust,  peat,  or 
similar  material,  the  cartridge  itself  is  non-inflam- 
mable and  perfectly  harmless.  The  other  com- 
ponent is  liquid  air  which  contains  about  90  per 
cent,  of  oxygen.  The  cartridges  are  soaked  in 
liquid  air  for  a  brief  period,  usuallv  five  minutes, 
and  are  then  taken  out,  being  readv  for  use  im- 
mediately or  during  the  space  of  fifteen  minutes. 
They  can  be  fired  either  with  a  detonator  or  an 
ordinarj-  safety  fuse.  An  important  factor  in  con- 
nection with  this  explosive  is  that,  in  case  of  a 
miss-fire,' the  cartridge  can,  after  a  lapse  of  time, 
be  taken  out  wth  safety,  as  the  liquid  air  will  have 
then  evaporated. 

"  The  bhsting  was  carried  out  in  magnesian 
lir     '  the    boreholes    being    1^    in.     diameter. 

T:  were  placed  as  required  for  the  ordinary 

w  •■  the  quarry,  and  the  stone  being  required 

ff :  ■  arning  the  charges  used  were,  except  in 

the  final  shot,  for  producing  a  shattering  effect. 
Ati  t"  .  shots  were  fired  electrically,  one  of  the 
f :  in   each   case  having  a   No.    6   detonator 

ah'iAri.  riaced  as  near  the  centre  of  the  charge  as 
possible.  The  cartridges  were  dropped  into  the 
holes  wit}  ial   precaution  and  pressed  down 

with   a   V  immer,   ordinary    earth    stemming 

being  used.  Ti.f  particulars  of  the  shots  are  as 
ff^llow*  :  — 


I      <«      Sit         .TJxSOO    Rock    well   shattered,   but 

not     a     great     quantity 
actually  pushed  out. 
->ren     ^5x300   iThis    shot     was    immedi 
ately     behind      No.      1 
and    was    quite    a    suc- 
cess,     shattering      and 
displacing   its  own   sec- 
'     ■    .ind   also  the  loose 
f  No    1. 
-       ->v»n     3.JX3'  .ck  i,«.inc 

.     placed. 

4      .'.       Tf,r.-.      X',  ^  -/ftf,  J;,, 

Do 


*  '\ti:  r 


Do 


five       So X 400     \  iry     grx-id  ;     r 
•plit     inJ'i     !!►• 
t:<,r.» 

Th^   holra   WMW   in   earli    raoe    plar«d   «t   r   Hi- 
U  ■ 

ti 
*hitt»  •<!    in  minutes 

•  f- "  ••    of    rrmiwtti  \ii^    t  .     iri»<rt     tJip        ,    • 

fi'i,  and     fool     Tnulf      llrit'v, 

X«,..ir.Uf,  1!>20,  p.  721.     (J.  A.   W.) 
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4IXATIOX  or  Simic  Acid.— 


er     of    tht    neatral 
?    Vf»     u  «ddiA«<i 


with  1  cc.  of  glacial  acetic  acid,  then  treated  at 
60°— 70°  C.  with  10  cc.  of  a  perfectly  clear  10% 
solution  of  nitrop  acetate,  and  allowed  to  stand 
for  24  hours  in  the  dark  at  15° — 20°  C.  The  pre- 
cipitate is  collected  on  a  small  pad  of  cotton  wool 
in  a  cup-shaped  filter,  and  washed  with  50  cc.  of 
a  saturated  solution  of  nitron  nitrate  at  the 
ordinary  temperature.  The  precipitate  is  sucked 
as  dry  as  possible,  and  dried  at  100°  C.  for  2 — 3 
hours  Sulphates  and  iodates  are  without  influence 
on  the  results,  but  chlorides  produce  small  errors, 
corrections  for  which  are  shown  in  a  table." — 
L.  W  WiXKLER,  Z.  angeir.  Chem.,  1921.  S!,.  4fi.— 
J.S.C.r,  31st  March.   1921,  p.   198A.      (A.   W.) 


MISCELLANEOUS. 


Detecting  Small  Qlwntities  of  Petrolevm 
(MiNER.\L  Oil). — The  increasing  demand  for 
petroleum  has  stimulated  the  .seaicli  lor  oil  by 
many  who  do  not  know  its  natural  ajjpeaianoe  and 
characteristics.  The  field  tests  described  here  are 
designed  to  indicate  whether  samples  of  rock  and 
similar  material  contain  petroleum  or  other  closely 
related  hydrocarbons.  Heat  tests  and  solvent  tests 
are  described. 

Small  Sam])le  Reinesenling  tir  Iiirfusl  Matvriiil. 
— The  sample  of  oil-bearing  rock,  sand  or  oil  sha'.t* 
should  be  about  the  size  of  a  hickory  nut  (2  oz.^. 
Crush  to  a  fine  powder  with  mortar  and  pestle  or 
on  some  smooth,  hard  surface.  Dry  carefully  in  a 
dish  placed  in  the  sun  or  on  a  heated  stone  or 
brick.     High  temperature  must  be  avoided. 

Sample  liepre renting  an  Average  nf  Large  Masses 
of  Material. — Quarter  down  a  large  sample,  break 
ing    finer   as   bulk    decreases.      Final'v    reduce    to    a 
2  02.  sample,  grind  to  powder  and  drv  as  above. 

Place  one-third  of  a  teaspoonful  of  the  dry 
powdered  sample  in  a  glass  test  tube  sealed  at  one 
end.  Hold  the  tube  in  a  horizontal  position  :  heat 
slowly  in  the  moderately  hot  flame  of  a  ."soldering 
torch)  large  alcohol  lamp  or  gas  jet,  until  the  lower 
part  of  the  glass  tube  becomes  dull  red.  If  the 
sample  contains  petroleum  one  of  three  things  will 
happen,  depending  upon  the  quantity  of  oil  in  the 
sample;  if  the  quantity  is  small,  a  cloud  of  white 
fumes  will  gather  in  the  tube  between  the  sampV 
and  the  mouth  of  the  tube:  if  the  qnantitv  is 
larger,  the  floiid  will  be  very  thick,  and  tinv  drojis 
fif  oil  V  ■•  riHf  upon  the  wailn  of  the  tube,  and 

if   the  in   great,   enough   oil    will    condense 

to    form    sniiii    dropg    that    will    roalest  e    sufTuienllv 
I-.   I-    fxturcd.      The    fumes   will    have    the   od..iir    nf 
im. 

1 11  M    heat    test    will    apply    to    rocks    contninine 

fr*f    netroleum.     and     also     to     rocks    such    as    oil 

Tuilar  »ubjitnnce«   in   which   tli<'><' 

iiM    petroli'iitii,    but    from    which 

oil  ran   be  olitained  by  cJeHtriiciivc  diHlilliition. 

Certain  heat  tests  applied  to  earthy  material 
rontainioff  organic  matter  dirived  from  dwomponei! 
•  ■  n  visible  vapour  c'oud  siniiliir 
iiictKl  by  hooting  peti'oliMun  ciiii- 
tainiuK  rock  or  sand.  However,  tin-  odourn  g  veii 
off  •"  '■'illy  nnliki*.  nnd  run,  with  practice,  be 
di«>  'I.      \\<»V    Hiitnfilea    nhould    l)<<    fri*(<    froni 

''t      the     K.'iiiiplf     (otitiiin 
'       loud    will   appear    in    tin- 
host  test,   hut  thi*  rharortcristic  odour  of   sulphur 
'iiotide   will    be  detected. 
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Solvent  Te?t. — Either  pure  chloroform  or  pure 
tetrachloride  of  carbon  may  be  used  as  a  solvent. 
The  purity  may  be  tested  by  passing  three  tea- 
spoonfuls  through  a  folded  filter  paper,  then 
evaporating  gently  to  drynes.«.  If  the  .solvent  is 
pure,  no  appreciable  residue  wi!l  remain.  Place  a 
teaspoonful  of  the  dried  pfiwdered  .sample  witli 
three  teasnoonfuls  of  chloroform  in  a  4  oz.  bottle 
with  glass  stopper.  Shake  the  mixture  at  intervals 
for  at  least  an  hour.  Filter  through  filter  paper 
and  collect  the  filtrate  in  a  second  bottle.  If  the 
filtrate  contains  petroleum  it  will  be  coloured  a 
shade  of  amber  or  yellow  brown,  the  shade  generally 
depending  upon  its  quantity  in  the  sample.  Pour 
the  filtrate  into  a  shallow  porcelain  dish  or  china 
iiaucer,  and  evaporate  in  a  well-ventilated  place.  If 
the  original  sample  contained  petroleum  the  dish 
will  show  a  yellow  or  amber  coloured  stain,  the 
intensity  of  which  will  depend  upon  the  quantity 
of  oil  in  the  sample.  This  test  is  conclusive  only 
applied  to  material  containing  petroleum,  asphaltic 
paraffins,  or  vegetable  waxes  and  resins.  It  is  of 
no  practical  value  if  applied  to  oil  shales,  peats, 
lignites  or  other  minerals  from  which  oil  is  obtained 
by  destructive  distillation,  except  that  they  may 
fontain  some  true  bitumen.  It  is  recommended, 
where  possible,  that  both  heat  and  solvent  tests  be 
carried  out. 

It  is  unsafe  to  evaporate  chloroform  or  carbon 
tetrachloride  in  a  poorly  ventilated  room  on  account 
of  obnoxious  and   poisonou.s  gases   formed. 

Oil  Film^  on  Sprivtj.'t  and  Pnnl.i. — A  few  sub- 
stances leave  film.s  on  water  that  mav  be  mi.s- 
taken  for  an  indication  of  net'oleuni.  Such  films 
can  be  distinguished  from  oil  films  by  their  brittle- 
ness.  If  stirred  they  will  break  into  patches.  Inv- 
ing  sharp  corners  and  irregular  edges.  An  oil  film 
if  stirred  will  form  pitches,  havinsr  smnritii.  ronnded 
edges,  and  these  only  after  considerable  resistance 
to  b'^eakage.  This  phyrical  test  mav  bo  confiiined 
bv  tlie  solvent  test  on  a  sample  of  fi'm.  Fill  a 
clean  glass  bottle  holdinjj  about  half  a  gallon,  two- 
thirds  full  of  the  skimmings  of  film ;  add  th'-^e 
teaspoonfuls  of  chloroform,  cork  and  shake.  If  the 
film  is  due  to  petroleum,  the  chloroform  will  be- 
come more  or  less  amber  coloured.  Allow  th" 
chloroform  to  settle,  pour  off  the  water  and  wash 
with  several  lots  of  water.  Transfer  the  chloroform 
to  an  evanoratjpp  dish  and  evanorate.  Petroleupi 
w-11  be  indicated  bv  a  mo'"f>  or  'ess  ambc-coloured 
stain  and  bv  odour — E.  T.  EnTCK'soN,  Eno.  and 
Minq.  Joiini..  \.Y..  -Tulv  f),  1021.  Oeological 
Survey  of  T'..S..\.     (F.   W.) 

CENTniFrcAT.i.v  Past  Pipe. — "  Mr.  \.  F. 
Marallum,  of  Ottawa,  in  a  paper  recently  read 
before  the  ^Montreal  Branch  of  the  Engineering 
Institute  of  f'anada,  dealt  with  the  process 
developed  hy  Senhor  de  Lavaud.  a  Rrazilian 
engineer,  for  casting  iron  pijies  by  a  method 
involvinu  the  application  of  the  principle  of  centri- 
fugal force  to  the  molten  metal.  Remarking  that 
present  specifications  for  cast-iron  pipe  call  for  an 
iron  having  a  tensile  strenf,th  of  19,000  lb.  per 
sq.  in.,  the  author  said  that  when  higher  standards 
are  attempted  with  th-»  present  foundry  practice 
and  mixtures,  the  pipe  is  apt  to  be  brittle.  Pipes 
cast  by  the  De  Lavaud  process  are  now  being  intro- 
duced in  Canada,  after  exhaustive  comparative 
tests  with  the  ordinary  standard  cast-iron  pijie. 

"  The  author  has  studied  tlie  new  process,  in 
which  a  regulatci!   (|iiantity  of  molten  iron   is  intrg- 


duced  into  a  revolving  water-cooled  cylindrical 
mould,  whereby  the  centrifugal  force  drives  and 
spreads  the  molten  metal  uniformly  upon  the  inner 
surface  of  the  mould.  \\'ithin  a  few  seconds  the 
pipe  is  withdrawn  at  a  red  heat  from  the  mould. 
It  is  brittle,  on  account  of  the  outer  surface  being 
chilled,  but,  after  being  annealed,  it  becomes  tough 
and  much  stronger  than  ordinary  cast-iron  jiipe,  as 
proved  by  the  recent  tests  made  by  Professor  Gil- 
lespie, of  Toronto  University.  The  ]npe  made 
under  these  conditions  has  a  decided  contrast  in 
structure  to  pipe  cast  in  sand  moulds,  and  has  not 
the  segregation  of  impurities  often  found  in  sand- 
cast  pipe.  The  centrifugal  pipe  is  a  homogenous, 
dense,  fine-grained  iron  throughout,  having  no 
water  or  gas  bubbles,  and  because  of  this  density 
and  strength,  can  be  made  much  thinner.  It  has 
high,  tensile,  cross-bending  and  resistance  to  shock 
values.  In  the  tests  made  by  Professor  Gillespie 
a  6-in.  pipe  (0'28-in.  thick)  made  by  the  centrifugal 
method  was  compared  with  a  G-in.  ordinary  sand- 
moulded  pipe  0'51-in.  thick),  and  out  of  the  same 
iron,  with   the  following  lesults  : — 


Tensile  strength 

(lbs.    per   sq.    in. 
.Mod.  of  elasticity 


T'entrifugal 
Pipe. 


Sand -cast 
Pipe. 


39000     ...  IGOOO 

...     14,500,000     ...     8,860.000 

"  It  iR  apparent,  therefore,  that  the  new  type 
of  pipe  can  bo  made  much  thinner  than  the  sand- 
moulded  pipe.  For  example,  a  12-ft.  length  of 
6-in.  pipe  weighs  280  lb.,  as  compared  with  430  lb. 
for  a  sand-cast  pine  of  the  same  diameter. 

"  In  soils  found  in  Ontario  cast-iron  pipe  suffers 
very  little  corrosion.  The  author  has  removed  a 
section  of  old  English  cast-iron  pipe  laid  in  1859 
in  Hamilton  that  showed  no  corrosion  whatever, 
after  being  in  the  ground  over  50  years,  bavins 
even  the  weight  marks  clearly  legible.  This  old 
English  pipe  was  made  much  thinner  than  called 
for  in  the  pre.sent-day  specifications,  and,  being  on 
a  rising  main,  is  still  in  service  under  more  severe 
conditions  from  pressure  than  when  laid.  The 
tests  on  De  Lavaud  centrifugal  cast-iron  pipe  show 
it,  to  all  intents  and  purposes,  impervious  to  cor- 
rosion, probably  due  to  the  fact  that  the  metal, 
being  cast  under  pressure,  is  of  such  close  grain 
as  to  resist  the  attack  of  corrosive  matter. 

"  The  centrifuc;al  cast  pipes  have  a  smooth 
exterior  and  interior  .surface,  and,  besides  reducing 
hydraulic  frictional  losses,  take  a  uniform  surface 
coating.  While  the  pipes  are  ca.st  with  .standard 
bell  ends,  they  machine  easily,  and,  because  of  the 
method  of  manufacture,  the  wall  thickness  is 
exactly  uniform  throughout,  and  suitable  for  a 
threaded  or  straight  wall  joint  if  desired." — Iron 
fnid  Coat  Trndr.^  Roriru-.  17th  December.  1920 
(J.  A.  AY.) 

Changes  of  Address, 


Hastings,  B.  .1.,  Ijo  Springs  Mines,  Ltd.  :  Brakpan 
Mines,  Ltd.,  P.O.  Box  3,  Brakpan. 

Hfrald.  A    J.,  I  jo  Knights  Deep,  Ltd.  :  Simmer  & 

.Jack     Prop.      Mines,     Ltd.,     P.O.      Box      192. 

Germiston. 
WAnniKCTQN.  S.  C.  l/o  Mt.   Xgwibi,  Natal  ;  P.O. 

Box    1146,  .Johannesburg. 
WnAiTH,    C.    O.,   l/o    Kaapsche    Hoop  :    S.  .\.    Coal 

E.states,    P.O.,   Blackhill. 
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AT 

Ordinary  General  Meeting, 
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The  Ordinary  General  Meetins^  '.f  the 
S  •■■»'  \va*?  held  in  the  Assembly  ]iall, 
S  and    Technical    Club.     100,     Fox 

Street,  Johanneshure,  on  Saturday,  the 
17th  Ser-  •  '  -.  1021,  at  8  p.m.,  Mr.  C.  J. 
Gray  (\  -identi  in   the  chair.     There 

were  also  present : — 

2*j  Meml>ers :  Prof.  G.  A.  Watemiever, 
M  -  F.  W.  Watson.  J.  R.  Thuriou-, 
J  n,  J.   Hayward  Johnson,   A.   King[, 

■J.  K.  ThomaK.  John  Watson,  H.  A.  Wliite, 
J.     A.     ^''      ■'  TMeniliers    of    Counoil), 

J.    0.     i  :,    Dr.    W.    A.    Cald.fott, 

R.  A.  Cooper.  A.  F.  CroRse,  Jas.  Grav, 
F  Homershaiii,  C.  .\.  Meikleif)hn.  T. 
I'roljerts.  J.  F.  Pvles.  B.  Schh-sinyer. 
J.  J  R.  Smvthe.  'j.  ThoHnnd,  W.  F. 
T  J.  T.  TriffifK.  E.   M.   We*.ton.  and 

F:     .       ^.  Wilkes. 

1  A-''*iate«*:  Metwrs.  W.  .\nderson.  O    A 
Gerber.  R.  W.  Im-in,  and  V.  Powers. 

2  ViMit'-rs.  and  If     A.  G    .Jeffreys  (Secre- 


MixrTKs 

Tlic  Minuter  of  the  .\nniial  General  Moet- 
r        '     '  '  ■     "  ■     M  n-enrder] 

.• ..;...... d. 

ShW    MKMi 

\  ■         ■  '  ■    w 
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K«itf.«.   .Iiwr.4   F.    H..    Nr>nh*ni   Lim»   Co.,   Lt«l., 
I' O  ,      ||<,t       lAIO.      .foh«nri<>«bur((  :       (',rnfn\ 

ItAMTnM.    RkiixAfip    v.,    I  ilill    IV- 

^r^ '  f  ,,.......         il.ll,         S. 


DoDDS,    Wn-LiAM    B.,    City    Deep,    Ltd.,    Johannes- 
burg :  Reduction  Officer. 

George.    ,Iame.^,    P.O.     Box    7060,    Johannesburg  : 
Reduction   Worker. 

Haselden,     F.,     P.O.     Box     858,      Johannesburg  : 
Solicitor. 

Ireland,    Herbert   J.,    P.O.    Box    6197,    Johannes- 
burg :    Engineer. 

Langler,    Gerard    H.,    P.O.    Box    3762,    Johannes- 
burg :   Engineer. 

OsBORV,     .*»iDNEY     S. ,     Glvnn's     Lvdenburg,     Ltd., 
Sabie,  Transvaal  :  Reduction  Officer. 

Smfts,  Basil  A.   S.,   P.O.   Box   858,  Johannesburg  : 
Solicitor. 
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Transvaal  :    Engineer. 
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by  the  Council : — 
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nesburg :    Director  of  Companies. 
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I    lIi.Ni;ERrouii,  .J.,  liritish  South  African  Explosives 
i  Co.,   Ltd.  :    .Secretary. 

I.».VD«,     G.     A.,     Pcjrtinnd     Hous<-,     Commissioner 

Stri'vt,    .Johannesburg  ;    Fin-    Assessor    and    In- 

Huranct*   .Manager. 

I  \fAi>KU,  .J.  U.,  IVO.  Bo.\  r.090,  .Johannesburg  : 
Maiints'ing  Director,  C  Wliarton  Hond  &  Co. 
(S  A.).    Ltd. 

I'owr.RH,    Victor,    I'O     Uox    IOO'J,    .Joiiannesburg  ; 
j  Mrrhnniin!    DrauKhtxtiian. 

'  .Smith,  H.  A.  It  .  Nalional  liank  of  Smitli  Africa, 
Ltd  ,    iii'nd    Officii,    I'rctoriii  :    Inspector. 
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A«  Student ; — 

SAMovuirr,   Victor   N.,  203,   North  Broad  SlriH<i, 
Newark,  N.J.,  U.S.A. 
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THE  ACIDITY  OF  ^UNE  WATERS. 


By  F.  W.  Watson,  B.Sc,  F.I.C,  and 
B.  A.  Cooper. 


The  neutraJisation  of  circulating  under- 
ground waters  lias  been  discussed  frequently, 
but  as  the  fundamental  chemical  principles 
involved  in  the  operation  are  still  either 
unknown  to  or  ignored  by  responsible  per- 
sons, and  serious  damage  thereby  caused, 
it  may  be  nol  untimely  to  bring  the  matter 
forwai"d  again. 

Ill  tlie  Se|)teml)er,  1913,  JoitnutJ  of  tliis 
Society  there  appeared  an  excellent  paper 
on  this  subject  by  Dr.  J.  !Moir,  who  confined 
himself  largely  tf)  the  study  of  different  indi- 
cators. He  advised  the  use  of  methyl 
orange  as  indicating  waters  sufficiently  neu- 
tralised to  avoid  corrosion.  With  the  advent 
of  high  speed  and  high  pressure  pumps  this 
point  has  been  found  to  be  highly  unsatis- 
factory, and  waters  neutralised  beyond  it 
liave  still  con-oded  Sulzer  pumps  with 
amazing  rapidity. 

A  later  paper  was  read  before  the  S.A. 
Institution  of  Engineers  by  Messrs.  Warten- 
weiler  and  Croghaii  in  October,  1019.  Their 
paper  dealt  i)rincipally  with  the  mechanical 
aspects  of  the  subject,  such  as  rates  of  ])re- 
cipitate  settlement  and  vnlumos  of  ])recipi- 
U\ie  formed,  and  tliey  also  considered  the 
comparative  costs  and  efficiencies  of  sodium 
carbonate,  calcium  carbonate  and  burnt 
lime. 

As  the  Divseiit  paper  is  dealing  entirely 
with  the  chemical  side  of  the  question,  we 
will  consider  only  the  action  of  lime,  this 
lieing  the  reas'ent  most  largely  used.  In 
])assing,  however,  it  may  be  noted  that  with 
the  use  of  calcium  carbonate  there  is  no 
possil)ilitv  of  alternating  caustic  alkalinity 
and  acidity,  the  effects  -f  which  are  com- 
mented on  later  in  this  paper,  but  the 
neutralisiuT  action  of  the  carbonate  is  slow. 
and  only  the  most  finely  divided  material  is 
available. 

CoiTosion  of  exposed  metal  work  in  the 
mine  will  alwavs  be  present  to  some  ext^ent, 
hut  it  is  greatly  accelerated  when  acid 
water  is  in  flowing  contact  with  the  metal. 
.\ctive  corrosive  agents  in  mine  water  on  the 
Hand  may  include  sulphuric  acid  and  a  con- 
siderable variety  of  sulphates  of  metals,  the 
most  persistent  of  the  latter  being  iron, 
aluminium,  manganese  and  nickel  sulphates. 


(Jtlier  acids  or  their  salts  are  not  normally 
present  except  sodium  chloride  in  small 
quantity.  It  is  the  behaviour  of  these  vari- 
ous sulphates  during  the  course  of  neutral- 
isation that  is  most  often  misunderstood. 
The  term  "  free  acid  "  a.])pears  to  be  a 
stumbling  block  to  manj',  and  is  ])robal)ly 
responsible  for  many  errors  in  calculation. 
Jt  is  usually  meant  to  indicate  acid  which 
is  in  excess  of  the  amount  required  to  form 
normal  sul])hates  with  the  bases  jiresent, 
and  an  attempt  to  determine  its  amount  is 
made  l)y  titration  with  a  standard  alkali 
solution  using  methyl-orange  as  indicator. 

A  number  of  complete  analyses  of  typical 
coiTOsive  mine  waters  have  been  made,  and 
they  invariably  show  that  instead  of  there 
being  any  excess  of  suljihuric  acid  ])resent 
there  is  a  marked  deficiency  of  the  sul- 
])hate  ion  below  the  calculated  amount  re- 
quired to  form  normal  sulphates  with  the 
bases  present. 

The  following  is  a.  typical  analysis  (ex- 
pressed as  pai-ts  per  100,000):  — 

lUses  SOa  required 

as  to  form 

Oxides  normal  Salts 
PartM  I'arl.s 

Ferrous  oxide        ...       3"2  3"f) 

Ferric  oxide  ...     11-4  IT'l 

Aluminium   oxide         40'0  94"  1 

Nickel  oxide  ...       G'7  7"2 

Cobalt  oxide  Traces  — 

Manganese   oxide...       2"2  2"5 

Calcium  oxide       ...      ')(V0  80-0 

^Magnesium      oxide     36'()  78"2 

Sodium  oxide        ...     4M  45-4 

Potassium  oxide  ...        I'O  0'8 

Silicon  oxide         ...     10"8  — 

Chlorine     ...       .'>-2 

f  =  Sodium  Chloride  IM) 
Sulplniric  Anhydride  (SO,)  277-8  parts  actu- 
allv  found.      823-9  parts  called  for. 

The  shortage  of  the  SO,  actually  present 
below  that  required  to  form  normal  sulphates 
is  401   jiarts  per  100, 000. 

This  water  could  obviously  contain  no 
*'  free  add  "  in  the  meaning  of  the  term  as 
indicated  above,  but,  on  the  contrary,  some 
of  the  metal  sulphates  "-^"^  t.resent  in  a 
"  basic  "  condition,  nevertheless  the  water 
was  strongly  acid  to  methyl  orange  indica- 
tor. 
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It  is  therefore  apparent  that  the  designa- 
tion of  the  acidity  indicated  by  methyl 
orange  as  *'  free  acid  "  is  frequently,  if  not 
alwa3s,  a  misnomer. 

The   use   of  neutral   copper   solution   has 
icpeatedly  failed  to  indicate  the  presence  of 
any  excess  sulphuric  acid  in  the  most  corro- 
.  sive  waters. 

The  corrosive  action  of  such  waters  is  due 
to  the  presence  of  the  [HI  ion  liberated  by 
hydrolysis  of  the  metal  sulphates  in  solu- 
tion :  it  is  this  hydrion  which  is  the  free  acid 
of  the  water. 

During- neutralisation,  metals  are  removed 
from  solution  in  the  form  of  precipitates, 
I'Ut  remaining  metal  sulphates   continually 

nise  and  are  corrosive  until  the  neutral 
point  L<  :   and  all.  or  practically  all, 

of  the  u  .  ..  ;.ous  compounds  have  been 
decompf>sed.  In  the  absence  of  any  excess 
of  sulphuric  acid  it   therefore  becomes  the 

fi: •'  •      '  -^  •  neutralising  agent  to  remove 

<■•  from  solution. 

A  corrosive  mine  water  containing  ferric, 

a'    -         :m.     ferrous,      nickel,     manganese. 

T:  im     and     calcium     sulphates     was 

1,  and  also  the  reactions  of  each  indi- 

'       '    '     ■      '   ■  --d. 

<)i  the  above,  turns 
methyl  orange  to  the  red  colour  indicating 
a'  1   it   is  also  acid  to  all   the  coni- 

Ti :.i..  ators.     On  the  gradual  addition 

•  lime  to  the  water  the  ferric  iron  was 
[.  "    '        when  the  original 

1,  .  n  had  been  reduced 

f'  fH  1     1  xlO-2    to    [H] 

1  X  lo-*-*  or  i»pi»ri>xiiijately  from  an  acidity 

'     ■   •  '  •  i -chloric  afid. 

.    to   methyl 
.,'e,    but    acid    to   methyl    red.    phenol- 

]  I- 


|*haU.*    Ity 

fnL'iri>r      fli. 


iiitiontt  of  the  normal  sul- 

■    irii    hydrate. 

.......        .    :...i   of    methyl 

irj    Kalmon    an   the    end 

.  but   tliw  'I  It   to  dot«'ct 

•• '       f  ,.  i-i,-.,    i<rown    ferri" 


d 


2.   Ai 


next    com- 


tint  with  tliat  indicator  which 

•  111        II 

It  M  acid  to  m(>th.vrnd  and   indiratom  of 

find    '^•an    Ik' 


using  methyl  red  indicator.  The  aluminium 
was  removed  from  solution  iu  the  tested 
water  when  the  hydrogen  ion  concentration 
was  reduced  to  [H]  1  x  10-*^  — equivalent  to 
an  acidity  of  about  -nsrvior.  hydrochloric 
acid.  Tlie  water  was  then,  slightly  alkaline 
to  methyl  orange  and  neutral  to  methyl  red, 
but  acid  to  rosolic  acid,  bi-omo-thjmol  blue, 
etc. 

3.  During  the  next  stage  of  neutralisation, 
ferrous  sulphate  and  nickel  svilpliate  are 
removed  practically  simultaneously.  At  this 
stage  the  point  of  true  neutrality  is  just 
passed — the  hydrogen  ion  concentration 
being  approximately  [H]  1  x  10-^  equivalent 
to  "TuW  alkali,  and  the  water  gives  a 
faint  alkaline  reaction  with  t)henoli)hthalein, 
rosolic  acid,  and  bromo-thymol  blue.  It 
appears  to  be  necessary  to  carry  neutralisa- 
tion to  this  stage  whenever  the  water  is  to 
be  handled  by  high  pressure  pumps  or  used 
in  the  reduction  works:  in  the  first  case, 
because  any  ferrous  sulphate  left  in  solution 
rapidly'  commences  to  oxidise  and  produce 
the  highly  corrosive  feme  sulnhate,  and.  in 
the  second  case,  because  feiTous  sulphate, 
or  &ven  precipitated  ferrous  hydrate,  is  an 
active  cyanicide  and  deoxidiser. 

4.  Slight  further  addition  of  lime  precipi- 
tates manganese  hydroxide  and  silicic  acid 
and  small  quantities  of  niafirnosia,  beyond 
this  point  magnesia  alone  is  ))recipitated. 
When  the  test  water  was  maintained  at  an 
alkalinity  to  phenolphthalein  equivalent  to 
()-()08X  CaO  for  12  hoiu-s,  the  original  mag- 
nesia content  of  80  parts  MgO  per  lOO.OOO 
was  reduced  to  less  than  three  parts. 

The  composition  of  the  proci|)itates  actu- 
ally produced  at  each  stage  of  the  above 
neutralisation  was  as  follows: — 

Stages 

Ferric  oxide 
Kerrous  oxide     ... 
.Miiiiiiiiiiitii    oxide 
Nickel  oxide 

M  .   ,«•     r.Xlde 

M  MU     .Ai<l.'  -  —  00  W 

,  t 

It     In    dlflieillt     to    deterilllMe    a    Mil  isfiictniv 

••♦nit ion  iiietii'xl  for  practical  use  which  will 

ifelv    iiuliciit*'    the   dccompfwition    of   dele- 

ferioim  Miilpl  nd  lit  the  Kunie  time  not 

ill    for  nil   .  N.  . --.vc   uinoiint'  of   alkali.    n>* 

ifw  indiciitorn  an-  de«troyed  by  kucIi  pre- 

(•i[)itat4'd    hoMCH    fiM    ferrouH    and    mangaiirKc 

hydrr>xide'*,  r  ().,  iiiethvl  r.raiige  ;  the  iletiHity 

of  the   precipituti'M   in  many  ('iihch  obKciireM 

nnv  change  of  colour,  and  thert;  rcinainH  (lin 
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difficulty  that  the  inagnesium  sulphate  is 
constantly  decomposed  by  a  slight  excess  of 
alkali,  thus  always  tending  to  change  the 
alkaline  colours  of  the  indicators  back  to  an 
uncertain  neutral  tint.  This  last  factor  is 
often  very  pronounced  and  troublesome. 
Obviously  the  correct  procedure  would  be  to 
abandon  dye  indicators  altogether  and  use 
an  ionometer.  but,  its  yet,  these  instruments 
are  expensive  and  delicate. 

Considerable  experience  lias  shown  that 
\ery  rapid  titration  with  — 177  sodium  hydrate 
using  rosclic  acid  indicator  gives  excellent 
results  in  practice,  tlic  first  appearance  of  a 
{rditsit'iif  pi  111:  colour  being  taken  as  the  end 
])oint. 

In  the  case  of  an  extremely  highly 
mineralised  water  a  rough  deteiTnination 
may  be  first  made,  and  then,  to  a  second 
])ortion  of  the  samj)le,  about  three-quarters 
of  the  required  alkali  is  added,  the  solution 
rapidly  filtered,  and  an  aliquot  ]-)ortion  of 
the  tiltrate  taken  for  final  titration. 

The  ))ractice  of  adding  an  excess  of  alkali 
lo  a  sam])le  and  then  filtering  off  the  preci- 
I)itate  and  determining  the  residual  alka- 
linity of  the  filtrate  gives  very  erroneous 
results,  de])ending  on  the  excess  of  alkali 
added,  the  temperature  of  the  solutions,  and 
the  speed  of  operation,  because  this  time- 
temperature-concentration  factor  controls 
the  extent  of  decomjjosition  of  the  calcium 
and  magnesium  compounds.  When  a  mine 
water  contains  so  much  ferrous  sulphate 
that  the  indicator  is  ol)SCin'ed  or  destroyed 
by  the  dark  green  ]n'ecii)itate  it  is  often 
useful  to  add  a  known  amount  of  very  dilute 
hydrogen  peroxide  before  titrating:  a  blank 
titration  using  the  same  quantity  of  ])eroxide 
in  distilled  water,  bein<^  made  to  ascertain 
any  necessary  correction. 

Experiments  are  being  carried  out  to 
determine  whether  the  use  of  neutral 
citrates,  etc.,  to  prevent  the  formation  of 
any  precipitate  during  titration  is  i)ractic- 
able.  In  view  of  the  very  great  expense 
actually  incurred  by  nesrlect  of  con-ect 
neutralisation  on  several  mine  properties 
recently,  it  is  an  immediate  and  pressing 
necessity  that  rapid  and  accurate  methods 
of  testing  l>e  known  and  used,  and  that  clear 
records  lie  kept  and  periodically  examined 
by  those  resix)nsible  for  the  upkeep  of  metal 
woj-k  underground.  Continuous  addition  of 
lime  to  a  circulating  mine  water  in  the 
absence  of  any  large  additions  of  fresh  water 
from  fissures,  etc.,  will  eventuallv  result  in 
super-saturatintr  the  water  with  calcium 
sulphate   (sulphate  of  lime),   which  crystal- 


lises   out    very    rapidly    wlien    opportunity 
offers   and   obstructs  ])ipe-lines  and   pumps. 

This  can  be  avoided  economically  in  prac- 
tice only  by  testing  the  water  regularly  and 
diluting  with  fresh  unsaturated  water  when 
necessary,  though  in  very  urgent  cases  the 
addition  of  sodium  carbonate  to  precipitate 
calcium  carbonate  from  solution  may  be 
made  to  obtain  immediate  relief. 

It  should  be  noted  that  calciimi  sulphate 
is  distinctly  more  soluble  in  slightly  acid 
than  in  alkaline  waters,  but  as  corrosion  pro- 
ceeds very  rapidly  in  solutions  alternating 
between  acidity  and  alkalinity  it  is  necessary 
to  maintain  coiistaiit  conditions  one  way  or 
the  other — alkalinity  obviously  i)eing  prefer- 
able. Such  constant  conditions  can  only  l>e 
maintained  by  having  an  automatically  con- 
trolled lime  feeder  which  will  liold  at  least 
24  hours'  supply  of  lime.  The  com{)lete 
settlement  of  all  ])recij)itates  formed  diu'intr 
neutralisation  is  from  the  point  of  view  of 
both  the  metallurgist  and  the  engineer  most 
safelv  carried  out  undeiground,  because 
in  most  cases  the  precipitates  are  not 
only  cyanicides  and  deoxidisers,  but  also 
they  carry  in  suspension  considerable  quan- 
tities of  siliceous  grit,  which  is  almost  as 
destructive  to  hi^h-speed  centrifugal  pinnps 
as  is  acidity.  Efficient  settlement  usually 
requires  large  reservoirs  or  large  and  easily 
cleaned  filter  beds,  the  fonner  method  being 
])referable,  es})ecially  if  some  such  reservoir 
as  a  disused  stope,  which  can  be  easily 
closed  at  the  bottom  and  fitted  with  sludge 
valves,  is  a.vailable. 

In  conclusion,  we  desire  to  thank  the 
Kand  Klines  IVIetalluraical  Department  and 
Mr.  K.  L.  C.raham,  Chief  Metallurgist,  for 
permission  to  ])iilili<li  tliis  '^siner. 

Mr.  Andrew  F.  Crosse  pro])osed  a  veiy 
lveart\  \ote  of  thanks  to  the  authors  for 
their  extremely  interesting  ])aper,  which  he 
would  have  trreat  ])leasure  in  studying  care- 
fullv  in  the  Jouriutl. 

The  vote  of  tlianks  was  seconded  by  Mr. 
Jas.  (^irav. 


SYMPOSITTM:  :\riNKKS-  PHTHISIS. 

Mr.  J.  A.  V/oodburn  prefaced  his  contri- 
bution by  saying  tliat  ihoi'^h  it  had  refer- 
ence to  the  Addendum  to  the  paper  on  the 
"  Kata  thermometer  and  its  Practical  Uses 
ing  MiJiing, "*  ])ublished  in  last  month's 
Journnl,  the  Kata-tliermometer  and  discus- 
sion   thereon    were    so   connected   with    the 
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subjects  which  had  been  discussed  in  the 
Symposium  on  Miners'  Phthisis,  that  he 
considered  his  contribution  could  be  included 
under  that  heading'. 

When  the  original  paper  by  Mr. 
Ireland  was  read  it  wa.s  stated  that 
the  Kata  was  quite  as  reliable  as  the  average 
uiiidmill  anemometer  used  in  mines,  and 
'.vas  not  liable  to  change  of  constant  due  to 
friction,  etc.,  and  was  also  more  sensitive  to 
1  .w  velocities,  and  the  impression  was  made 
•iiat  it  would  be  a  more  convenient  and 
reliable  instrument  than  the  anemometer 
•  '■  --* [mating  velocities  in  Rand  Mines. 

iiicii   in  the   reply  of  the   author  to  the 

discussion  he  says :  "  I  am  very  sceptical  of 

-■  -icy    of    readings    of    air    currents 

■  kr;.:i.  ...la  the  anemometer  in  underground 

dri\es   and   workings,    especially   where   the 

lir  is  usuallv  eddving  considerablv,  or  even 

..,  1.  .. ..  1  :..  .  jjj   places,"  but   he  does  not 

^      iter  accuntcy  for  the  velocity 

IS  calculated  from  the  Kata  reading. 

V  ■'• .  in  the  Addendum  just  published,  it 

-  -■    "••■1:  "  The  new  formulae  explain  some 

tnomalies  between  \elocities  computed  from 

'  •'  '  •        -d  by  anemo- 

;.;    .  -       lis  to  be  that 

"he  anemometer  readings  were  more  correct 
:ind.  strange  to  say,  evidently  at  low  velo- 
cities. 

If  one  refers  to  the  new  diagrams  as  com- 
d  with  ill*'  r,riginal  it  will  be  seen  that 

• '  •  _'      '^  't    of    10"    reading. 

mmended   for  hard 
witli   a  working  temperHturo 

I>er  Pi  ;         '  iintr  to 

f»i.-    l;if.  -f    'i;  I  'ram,    whercHK    the    ori^nnal 

"     '  lid    Ih- 

■•,  nnfi 

iierature  of  80°  the  revised 

■      of  about 

.;     ,10  ft.   i»«'r 

am. 
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idea  of  the  cooling  effect  in  the  working,  are 
practically  of  little  use  as  an  indication  of 
ventilation. 

Although  Mr.  Ireland  suggests  various 
quantities  of  air  to  be  in  actual  circulation 
throughout  the  mine,  and  although  he  seems 
to  think  the  anemometer  is  not  quite  reli- 
able, he  does  not  state  how  he  would 
measure  the  quantities,  and  this  appears  to 
me  to  be  a  most  important  point.  In  col- 
lieries, for  many  years  past,  the  anemometer 
served  a  useful  pur|)cse  in  aniving  at  the 
actual  quantity  of  air  passing  in  the  various 
sections  of  a  mine,  and  important  deduc- 
tions have  been  drawn  from  measurements 
so  taken,  and  from  all  the  information  so 
far  gained  regarding  the  Kata-tliermometer 
it  does  not  appear  to  be  an\-  more  reliable. 
I  therefore  cannot  help  reiterating  my  re- 
marks that  until  some  more  convenient 
and  reliable  instnniient  is  forthcoming, 
the  anemometer  should  be  employed  in 
the  Kand  mines  much  more  than  it  is  to- 
day, and  conij)arative  figures  obtained  of 
quantities  circulating  in  tlie  various  sections 
of  the  mines  and  these  figures  kept  month 
by  month  so  as  to  show  the  changi's  wliich 
I  feel  sure  would  take  place  periodically. 

Mr.  Ireland,  in  speakin?  on  the  Miners' 
Phthisis  Symposium,  in  the  ^^ay  Journal, 
says:  "The  physiologists  in  n'cent  years 
have  told  us  very  definitely  what  is  wanted, 
and  one  feels  it  is  now  up  to  the  engineers 
to  deliver  the  goods,"  and  in  my  opinion  the 
more  extensive  use  of  the  anemometer  in  the 
mines  will  greatly  assist  the  engineers  to- 
wards  that   cnrl. 

Mr.  John  Watson  rave  autobioi^raphical 
details  showintj  his  earlv  aiul  close  associa- 
tion in  the  county  of  Durham  with  the  family 
if  the  hiti'  .1.  J.  .\tkinson,  the  authority  on 
scientific  mine  ventilation.  He  stated  that 
he  lived  in  DiMham  ("ninifv  fur  over  MO 
years,  and  is  als'»  fairly  well  ae(]wainte(l  witli 
the  Cleveland  ironstone  district  of  North 
Y'.rkshire.  but  does  nf>t  remember  a  sin<_'Ie 
'•use  of  miners"  phthisis  in  Durham,  North- 
inberlnnd  or  the  ('l«'Veland  district.  Kven 
in  C'levclanrl  the  mines  are  ventilated  bv 
'  entrifiigal  fans  of  adei{iiaie  dimensions  and 

jirf'ify  running  ov<'r  the  upciiHt  Mhiift.  l"'or 
'A  the   niincH  of  the    Hand    have   been 

di  J"  ii'i'  lit .  chiefly,  for  their  supplies  of  fresh 
iiir  tinon  th<*  antiquated  system  of  natural 
VfiitiliiliMii,  which  ineauH  (hat  for  ii  goful 
man     '  out  of  the  twenty  four  tlu're  in 

llo  \'  >li   \t>  Mpeak  rif. 

Hirici'  1HH(1  thche  tieldM  have  prrKliieed 
Up     to    the     t'Uil     of     lOlH     approximately 
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£.589,000,000  sterling  value  in  gold,  but  at 
gi'eat  sacrifice  of  human  life.  Fifty-nine 
years  ago  the  late  J.  J.  Atkinson  said :  "The 
best  mode  of  dealing  with  them  (i.e.,  fire- 
damp, choke-damp  and  other  gases)  appears 
to  be  to  dilute  them  with  vi  iv  large  quan- 
tities of  fresh  air,  and  tf>  sweep  tliem  out  of 
tlie  mine  by  an  energetic  ventilation  as  fast 
as  they  are  given  off  or  generated."  The 
speaker  was  strongly  of  opinion  that  if  the 
mines  of  the  Kand  were  better  ventilated 
the  use  of  candles  might,  in  places,  have  to 
be  given  u)),  but  that  we  should  be  troubled 
much  less  with  miners'  ])hthisis.  for  which 
the  industry  has  now  to  pay  large  sums 
;mnua!ly. 

OCCURRENCES    OF    FIRE    DAMP    OX 
THE    FAR    EAST    RAND. 


Bv  T.  N.  Dkwar. 


(Pi  in  led  i)i  .]  oil  null,  Fchruarij,  1921.) 


DISCUSSION. 


Mr.  C.  J.  Gray:  In  order  to  thiow  further 
light,  if  |)ossible.  on  the  origin  of  the  fire- 
damj)  met  with  on  (lie  Far  East  Rand,  1 
have  thought  it  worth  \\\n\c  to  ascertain 
from  official  records  under  what  circum- 
stances fire-damp  has  been  met  with  else- 
where on  the  Rand. 

Accoi-ding  to  those  records,  several  natives 
wert-  l)urnt,  two  of  them  fatally,  by  an  igni- 
tion of  gas  on  21  level  development  diivf, 
Milner  Shaft,  on  the  Simmer  Deep  (lold 
Mine  on  the  20th  May.  1011;  a  shift  l)oss 
and  a  miner  were  injured  \)\  an  ignition 
when  examining  the  same  \i\;\rv  on  tlic  .'Ust 
^lay,  IDll,  and  a  native  was  fatally  burnt 
l)y  an  ignition  in  raise  3450  E.R.l.  in  the 
Cinderella  Gold  Mine  on  the  17th  ^March, 
1013.  There  is  little  doubt  but  that  the 
gas  concerneJ  in  those  accidents  \\as  fire- 
damj). 

In  the  Simmer  Dee))  fatal  accident 
juitives  luid  been  shovelling  at  the  drive  face 
for  some  time  when  one  of  the  natives  who 
was  examining  the  holes  with  a  lighted  can- 
dle ignited  gas  which  ])robal)ly  was  issuing 
on  a  fault.  When  the  shift  boss  was  injured 
lie  ])laced  his  light  nji  in  a  cavity  about  two 
feet  broad  with  cry.sfalline  walls.  The  place 
was  3,000  ft.    below  the  surface. 

In  tli(>  (  inderella  accident  a  surveyor's 
boy,  wlio  was  sent  up  a  raise  which  liad 
been   standing   for   about   a   week   before   the 


accident,  was  burnt.  The  raise  had  passed 
through  a  small  d^ke  and  the  face  was  in 
broken  quart/ite.  Inflamable  gas  was  found 
after  the  accident  to  be  escaping  with  water 
from  two  of  the  machine  holes  which  were 
standing  in  the  face. 

On  the  10th  :\Iay,  1008,  in  the  Simmer 
Deep  Gold  ]\Iine,  a  sample  of  gas  which 
bubbled  up  through  a  diamond  drill  hole 
51  feet  into  the  footwall  at  12th  Ie\el  east 
of  No.  8  incline  was  taken  for  analysis. 
The  drill  had  just  passed  through  a  thin 
seam  of  shaly  matter.  The  analysis  by 
Mr.   A.  McA.  Johnston  gave  : — 

Per  cent  by 


volume 

Carbon  dioxide 

...       0-4 

Heavv   hvdrocai'bon 

...       Nil 

Oxvgen 

...       Nil 

Carbon  monoxide 

...       Nil 

Methane           

...     77-3 

Hydrogen 

...       8-4 

Nitrogen 

...     13-0 

100-0 

It  is  also  on  record  that  in  1003  inflam- 
able  gas  was  encountered  in  the  Angelo 
Deep  Gold  ]\Iine  in  shales  in  a  borehole  put 
down  from  the  bottom  of  a  vertical  shaft, 
and  that  the  hole  was  blocked  by  lead  balls 
forced  dow  n  by  the  drills,  but  I  have  not  yet 
been  able  to  obtain  authentic  details  of  tliat 
occurrence. 

Tlu'  information  available,  and  nioi'e  par- 
ticularly that  re  the  Simmer  Deep,  seems 
to  support  the  idea  that  the  fire-damp 
originates  in  shales  in  the  Witwatersrand 
series  rather  than  in  coal  seams  in  overlying 
strata,  but  is  not  quite  conclusive. 

Mr.  John  Watson  said  he  would  lik(>  to 
draw  the  author's  attention  to  a  paper  "On 
the  Tees  Salt  Industry,"  read  by  Mr.  T.  W. 
Stuart  to  the  Newcastle-on-Tyne  section  of 
the  Society  of  Chemical  Industrv,  Vol.  VII, 
1888. 

On  p.  002  Mr.  Stuart  said:  "  With  the 
view  of  ascertaining  the  presence  of  coal, 
of  which  5,000,000  tons  are  annually  con- 
sumed in  and  near  Middlesbro",  Messrs. 
Bell  Ih'os.  continued  the  boring  in  one 
instance  to  250  ft.  below  the  salt,  wlu>n  they 
found  gypsum,  magnesian  limestone,  then 
limestone  and  again  gypsuni  and  rock-salt 
interstratified  with  marl,  and  were  obliged 
to  stop  ill  a  bed  of  rock  salt.  The  i)resence 
of  this  ma<rnesian  limestone  lent  colour  to 
the  belief  that  the  coal  niiu'ht  be  below,  but 
when   thev  found  small   beds  of  salt   it  was 
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clear  that  they  had  still  the  prospect  of  great 
thickness  of  red  sandstone  to  pierce,  and 
the  diameter  of  the  bore  having  been  re- 
duced to  one  inch,  they  were  compelled  to 
desist  at  1.3oo  ft.  from  the  surface.  At 
1,313  ft.,  and  wliile  in  the  limestone,  they 
found  considerable  quantities  of  ?as  evolved, 
of  which  the  following  is  the  analysis  : — 


Methane  or  marsh   gas,    CH, 
Ethane,  C,H,        


Nitrogen.    X 


76-9 
6-3 

lG-8 

100-0 


Again,  on  p.  663  in  the  same  paper,  the 
same  author  says:  "  The  rock  salt  contains 
a  con-'  "  *••  <^uantity  of  eas  at  high  ten- 
sion  d.-L .ted   in   cavities   throughout    its 

mass,  which  not  only  accounts  for  the 
effervescence  of  the  brine  when  pumped,  but 
also,  while  drilling-,  causes  a  frequent  out- 
burst of  water,  which  it  forces  several  feet 
into  the  air  for  many  hours  together.  This 
gas  has  been  examined  by  Vr<A.  Bed.son,  who 
found  it  to  consist  of  : — 

Marsh  gas     ...  ...  ...       2'05 

Nitrt^en        .  ...         ...     97'9/) 


10000 


DISTEIIU'TIOX  OF  GOLD  IX  BANKET 

ORE    CLASSIFIED    PEODUCTS    WITH 

KEFEEEXCE  TO  MILLING  AND 

CYANIDING    OPEEATIONS. 


In  the  proceedings  r  f  the  Geological 
Society  of  South  Africa,  Dr.  1'.  \.  Wagner, 
in    his    .\'  irv    .\ddr»^-ss    as    President, 

••iititled        " Problems  in  S<juth  African 

i'tf<,\(»e,\,"  Jaiiiiarv.  1017.  referring  to  "The 
ri  f»n  th»'  fjinn  Zoiitpan,"  says:  "  Ou 
...  ;.,  ,  ,^  ^tifk  or  anv  other  object  that 
.?d  df>wn  int^>  the  mud  there  is 
a  fairlv   i»<iw<Tfiil   cvohiti' "^   "'   inflammable 
'•"'         uTordincr  to  T)r.  Moir,  contains 
,  and   r.*»      of  bvrlrogen.     Car- 
bon   dioxide    iH   u^Ment.     The    gaM    probably 

"'       decav    fif    veget^iblc 
pun  froiii  th«-  upper 
i«|r)fM-4  of  the  '  crater  '. " 

7  •  •     •     ■  .-  .  • 

in  

and    othcm;    th**     lOtli    editimi    ri918)    of 

P.!  "  n  f  1 

( )r  '.fi     i>  .       ' 

iif  ■•  .'i'.'i  re.  <A  methane." 

Mr.  E.  M  W'igton  •  irked  that,  ju-eonl 
in.  .   j>i>-^^.   in  pumpiiii;  out 

W'!  :.»•*  in  America  ii  Mpe<'iiil 

<liini(cr  hnM  nriM-n   ouinif  U*  i\w   very   !.>■ 
qii   •'•-      '  •     'i    -      .     •  ...»       If  anylx-l.. 
H>  >  pump  out  an 

tM  tuxtn'  with  a  view  U»  iiiakinif  a  prryfit  out 
tti  it.  he  Nhoiild  fefiifmlMT  that 


By    F.    W.\RTEXWEILER. 


(Printed  in  Journal,  June,  1921.) 


DISCUSSION. 


Mr.  H.  A.  White:  In  my  previous  printed 
remarks  on  this  paper  the  restoration  of  the 
technical  statistical  term  "coiTelation"  in 
place  of  the  printer's  substituted  "co-rela- 
tion "  is  required  in  order  to  make  the 
meaning  clear. 

The  base  of  all  such  examinations  as  the 
present  is  an  idea  that,  there  is  some  close 
physical  connection  between  the  gold  and 
p^Tite  present.  In  order  to  establish  the 
truth  of  this  hypothesis  it  is  ob\ious  that 
the  methods  adopted  for  examination  of 
various  products  must  not  be  such  as  will 
force  the  very  association  which  is  to  be 
established.  ^lethods  of  paimfn?,  flotation, 
or  thf  use  of  heavy  solutions  will  inevitably 
cause  an  apparent  association  between  any 
heavy  or  floatable  minerals  present,  and  can- 
not therefore  aid  in  the  solution  of  the  j)rob- 
lem.  Gold  attached  to  a  |)yritic  particle  is 
nuuh  more  likely  to  be  found  in  such 
"concentrates  ■'  than  if  it  is  attached  to  a 
piece  of  quartz  of  equal  size,  as  the  com- 
bination is  heavier  and  more  roiidily  floated. 

If  a  solution  of  the  theoretical  ])roblom  is 
soucrht  the  only  apparently  available  method 
wf>uld  be  to  roast  the  |)roduct  to  the  stivce 
where  the  i)vrite  becomes  magnetic  throuji;!! 
l(M^s  of  a  portion  of  the  snipluir.  .\  mag- 
netic separation  would  Iheii  favour  the 
appiirent  Jisso^-iation  r.f  <piart/.  with  gold  in 
oppositif)!)  to  result  f>f  more  usual  nietlio<ls. 
If  the  association  of  pyrite  with  trold  were 
iiKinifested  after  this  ordeal,  little  doubt 
could  be  raisc-d  that  the  physical  eonneelioM 
was  real  and  nf)t  merelv  a  result  of  exjieri- 
mental  metlKxlH. 

A  eari'fiil  examituition  of  tin-  results  yiveii 
in  this  paper  HUppeHts  that  the  r-onnection 
befwi-eri  pyrite  and  u'old  is  in  realitv  ail  veil- 
titiouH,  and  ihiiH  HU|>port^  the  well  knoW)i 
remiltH  uuoted  ill  l)r  Ciil<l«'eof t 's  contribii- 
tir>n  Ut  ttuH  dirfcuHHioV). 

IU'feren''e«  tl)  arid  Ci)  rendi-r  clenr  the 
fjiet.  timl    the  more  ejoKtdv  the  (■oneelltrilte   is 

rnntricled  to  KeS,  tlu»  more  cold  jtih'k  t<)  the 
gangile.       'niiiK    Mil"    eoiiretitrate    iit     Hrt' \ 
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Thus  j,'angue 
pyrite 
gansue 
pyrite 


dwt.  becomes  expanded  to  5"81%  at  36"20 
dwt. ,  and  allowing  for  original  sample  value 
differences,  the  \alue  of  the  added  2' 70% 
was  at  least  8'G  dwt-. 

Keferences  (11)  and  (12)  show  that  for 
equal  sizes  of  particle  the  extraction  by 
cyanide  is  greater  for  the  pyritic  portion  than 
for  the  gangue. 

-90  +  200       ...     87-2% 
do.  ...     86-5% 

-200 81-6% 

do 94-1% 

This  suggests  that  the  association  between 
quartz  and  gold  is  more  intimate  than 
between  gold  and  pyrit-e. 

The  deduction  to  be  drawn  from  above 
observation  is  that  though  preferential  grind- 
ing of  heavy  particles  is  desirable,  yet  the 
lighter  portion  of  the  one  can  by  no  means 
be  neglected. 

Tt  may  be  pointed  out  in  passing  tliat 
extractions  of  gold  by  means  of  aqua  regia 
require  prolonged  washings  to  overcome  the 
adsoi-ption  tendencies  in  order  to  secure  con- 
cordant results. 

Though  the  author  points  out  that  his 
paper  does  not  aim  at  indicating  possible 
extraction  by  flotation  methods,  yet  the 
figiu'es  given  support  the  general  belief  that 
liigher  extractions,  or  even  as  good,  cannot 
be  secured  on  l^nul  l)anket  by  this  method. 
Mr.  A.  King:  .Mr.  Wartenweiler's  paper 
has  added  to  our  knowledge  of  the  necessity 
for  fine  grinding  of  Rand  ore.  Apart  from 
the  better  recovery  l)y  amalgamation  when 
fine  gi'inding  is  possible,  it  is  well  known 
that  thr  total  recovery  by  amalgamation  and 
cyaniding  is  higher  than  when  a  coarser 
final  ])ulp  is  obtained,  'i'lu'  results  given  in 
references  9  to  12  of  the  ])a]ier  make  this 
fact  clear,  apparently  tliere  being  about  10'^( 
higher  extraction  by  cyaniding  from  the 
-200  mesh  i)roduct  than  from  the  -f90 
])roduct  ;  this  ap|)recial)le  difference  is  also 
found  between  the  extractions  froin  the 
-200  and  the   -1-90  mesh  pyritic  portions. 

Even  with  reasonably  good  classification 
free  gold  enters  W\o  cyanide  works,  but  is 
readily  dissolved  durintr  treatment,  so  that 
in  sayiivi  free  gold  should  l)e  retm-ned  to  the 
tul)e-mills  the  author  is  askin^  for  ideal  con- 
ditions which  can  scarcelv  be  obtained  in 
))i-actice,  and,  if  obiainabl(\  would  mean  re- 
grinding,  or  at  l(>ast  r(>-(>le\  ating,  a  lartre 
proportion  of  the  jMilp  already  sufficiently 
fine  for  cyanide  treatment. 

The  author  has  made  no  mention  of  the 
liinit  to  which  fine  grinding  may  be  eco- 
noniicallv    carried.     This    must    be    largelv 


dependant  upon  the  value  of  the  ore  milled, 
and  no  doubt  the  author,  from  the  large 
amount  of  data  which  he  has  collected,  has 
some  definite  views  on  this  point  which 
would  be  of  interest  to  members.  There  is 
also  a  practical  limit  to  the  desirable  fine- 
ness of  sand,  after  clean  separation  of  slime, 
beyond  which  the  product  is  no  longer  freely 
leachable,  and  l)eyond  which  tlicre  appears 
to  be  little  or  no  improvement  in  extraction  : 
this  limit  is  ap]iarently  about  08"'  or  70%  of 
-90  mesh  product  in  sand. 


A  llESUME  OF  STANDARD  METHODS 
IN  SAiMPLING,  ANALYSIS  AND  CLASSI- 
FICATION OF  COAL. 


By  A.  TuKvoK  WiLLi.\Ms,  M.Sc,  B.A. 


(Ptinlri]  in  .Journal,  Jiilii,   1921.) 


DISCUSSION. 


Mr.  J.  Q.  Braidwood:  The  first  paragraph 
in  tlie  i)apt'r  is  owv  1  take  exception  to. 
This  paragrapli  is  essentially  one  of  the  most 
important  in  the  paper,  as  it  shows  that  the 
value  of  the  pajier  dcpiMids.  apparently,  on 
the  reliabilit}-  of  llic  autlioritics  (pioted,  and 
not  on  personal  experience  and  research  by 
the  author. 

With  regard  to  llif  roHability  or  prac- 
ticability of  the  metiiods  mentioned  by  tlu> 
author  of  the  paper,  or  tlieir  a])])licability  to 
this  country,  I  am  afraid  I  must  disagree 
to  a  xevy  considerable  extent.  I  question 
whether  they  may  be  considered  as  an  iiri- 
provement  on  methods  in  use  here  in  1908 
— gradually  improv(>d  since,  and  standard- 
ised by  "the  South  African  Engineering 
Standards  Committee*  (now  the  l^ritish 
Engineering  Standai'ds  Committee,  S.A. 
Branch).  .\  similar  but  in  my  opinion  un- 
necessarily elaborated  system  for  conuner- 
cial  purposes  with  drawings  and  unnecessary 
multi])lication  of  operations  was  ])id)lishcd 
by  the  Bureau  of  Mines,  Washington,  in 
1916,  about  four  years  siibsequent  to 
the  South  African  pul)licati()n,  whicli 
gives  one  the  impression  that  it  is 
the  work  of  a  scientific  gentleman  who 
has  lost  sight  of  the  fact  that,  how- 
ever accurate  a  system  of  sampling 
may  be,  there  are  always  small  eiTors  due 
to  various  well-known  causes  which  make 
elaborate  sampling  methods    and  apparatus, 

*  Report,   .lamLiiy.    1912. 
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uunecessariiy  expensive.  No  good  pui-pose 
is  ser-.ed  by  such  elaboration,  as  nothing 
kills  a  good  idea  quicker  than  unnecessary 
or  high  cost. 

I  must  presume,  for  want  of  other  and 
more  certain  Imowledge,  that  the  paper  in 
question  has  been  written  with  a  view  to 
assisting  us  in  this  benighted  part  of  the 
world  (or  so  it  is  generally  assumed  to  be 
elsewhere) ;  to  give  us  an  idea  of  what  is 
being  done  in  England  so  that  we  might 
gratefully  follow  the  lead  of  the  reliable 
authorities  quoted,  who  have  had  one  or  two 
years'  experience  in  selling  coal  on  the 
calorific  basis,  as  against  a  dozen  years  here. 
We  are  always  pleased  to  know  what  others 
are  doing  elsewhere,  but  by  past  bitter  ex- 
p-.,-\.r  ...  v*-^  have  found  that  to  apply  home 
II  -  here  without  verj-  thorough  inves- 

tigation and  experiment  is  courting  disaster. 
1  find  that  in  the  third  paragraph  of  the 
second  column,  only  English  and  American 
rf.st-arch  Associations  and  authorities  are 
I;  *■  ■'•d.  It  is  possible  that  no  such  re- 
11.  ^  attributed  to  Mr.    Siniuitt   can   be 

found  in  the  pamphlet  entitled,  "  Stan- 
<1  '  "on  of  c'-mI  <;uiipling,"  published 
li-  :.  1012,  whiL-!i  may  be  due  to  the  fact 
that  we  assume  that  those  entrusted  with 
HUC'h  work  reilisc  their  responsibility  and 
the  »i.  ''--ity  for  carrying  out  intelligently 
the  ami   effectiv**    methods   in    use 

lu-r<-.  or  that  they  will  immediately  be  re- 
f>iac«d  by  fu/mtfme  who  can. 

I  would  lik.-  to  <liscuss  another  quotation 
Ji'-  ir  the  foot  of  the  .second  column.  "  The 
rnderlying  sampling  and   its  pos- 


} 


...  I 


To  he  tnily  representative  of  the  whole 


'hfT»-rcnt  part  of  <-oal.  but  al«o  tho  correct 

I  '  '  ill  conl,  and  of 

,  ■  i'H  matter  ui"l 


if  in   t\u'   hnn/JH  of  a   non-t' 

t-r  *>f  colli.      It  doc'H  not  gay 

"   '       ••    •  '  •    ■•  -In.   in 

f  1  (in-- 

'    in  th<>  butk.  nlthoii|;h  ttf}m('  Miicti  u\t'a 

■  '    '   •  "  '   •      •       .    and 

III   nil 

ill  erxil   iH   inf«rior  in  cnlorttic   vului*   to 
m»t  iilwHVH  the  ••a«*". 
11    .  r.  if    di'nJ   on    •'■'• 
■  I  of  tfii) 


U  ttii  r»-„'«rd  to  Ihi*  ••n);iiH'<'r  irM-ntiolUMl  on 


page  2,  I  can  only  suggest  that  what  we  call 
a  titter  in  this  countiy  is  meant. 

I  am  in  agreement  with  the  statement 
about  '■  errors  "  being  traced  "  to  an  under- 
estimated notion  of  what  the  weight  of  a 
sample  ought  to  be,"'  yet  lower  down  I  note 
weight  of  original  sample  should  be  39,000 
lb.,  and  I  would  like  to  point  out  that  it  is 
easy  to  make  niles  which  it  would  be  ab- 
surd or  impossible  to  carry  out.  For 
example  : — It  I  went  out  to  a  mine  and  sug- 
gested that  a  39,000  lb.  sample  should  be 
taken,  it  is  quite  probable  that  the  resident 
engineer  would  say,  ""  Why  not  take  the 
whole  blooming  truck."  Engineers  in  this 
country  often  sacrifice  the  more  cultured 
methods  of  speech  to  convey  an  incontro- 
vertible fact  in  a  few  words. 

From  experience.  I  would  say  that  to  as- 
sume the  smallest  weight  of  a  sample  to  be 
1,0(X)  lb.  or  half  a  ton  for  100  tons  bulk  is 
misleading.  Such  a  largo  quantity  has  been 
proved  to  be  quite  unnecessary.  Further,  to 
give  a  sampler  of  the  ordinaiy  human  man. 
type  mstructions  such  as,  ""  In  obtaining 
the  gross  sample  great  care  must  be  exer- 
cised to  ensure  the  presence  in  it  of  the 
proper  proportions  of  large  and  small  coal, 
and  large  and  small  impurities  "  would  re- 
sult in  hopeless  muddle.  I  say  that  it  is  not 
humanly  possible  for  anyone  to  accurately 
estimate  the  quantity  of  large  or  small  coal 
or  impurities  in  a  bulk  consignment;  in  fact, 
such  an  instniction  would  wreck  coal 
sampling  if  canicd  out.  also  if  a  coal  'lample 
of  39.(XX)  lb.,  or  even  1.000  Ih.  had  to  bo 
sieve^l  over  a  ]  in.  sieve,  the  gain  would  be 
infinitesimal. 

In     the    sixth    i)aragraph    of    tho    s(>cond 

lumn  f>n   i)n<.'f  2  wo  ai'c  told   to  "  Run  a 

lovel  along  the  bottom  of  the  wagon  after 

,  enough  coal  has  been  unl(>"i<led  to  allow  the 

efml   to  assume   its  natural   shape  "   (I    pre- 

-mne  "  luitiinil  shape  "  means  angle  of  rest 

.   the  resultini  slope  «lin'  tf>  removal  of  a 

juirt  of  the  coal), 

I   am   very  definitelv  opposed   to  running 

-.lK)Ve|  along  the  bottom  of  the  wat'on  un- 

1<!HK  I  want  to  get  a  sample  of  coal  to  include 

any  dirt  there  may  have  been  in  the  trucic 

liroviouH  to  loading ! 

Again  we  uro  told  that,  "  When  cnrH  or 
wagoriH  are  being  dumped  a  scuop  fsi/.e  and 
nhapti  are  not  given)  mav  be  h -Id  in  the 
Mtrearn  of  falling  co'il."  TIok  we  nic  told, 
■nlially  nwiUiM  collcctitig  KUc<-eHHivc 
^jii.iil  iniTementM  frr)m  HUi*c«'KKive  partn  of 
IIh«  lifup,  and  provided  diM'riminaiion  in 
UM4'(|   iM  to  the  ndatiM*  quantiticH  of  lump 
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and  fines,   the  method  ha>>  eveiy  claim  to 
accuracy.'' 

In  my  opinion  if  an  accurate  residt  were 
obtained  by  this  method  it  would  be  by 
accident,  as  when  coal  is  miming,  any  large 
lumps  will  most  probably  fall  off  the"  scoop 
and  an  undue  proportion  of  fines  will  be 
found  in  the  resulting  sample.  If  coal 
larger  than  nuts  or  peas  size  is  sampled, 
that  is  for  anything  above  nuts  say  from 
1^  in.  to  as  large  as  18  in.  diameter,  we 
must  throw  this  system  out. 

On  page  2,  under  the  sub-heading  "  Mine 
or  Seam  Sampling,"  the  author  of  the  paper 
again  quotes  Mr.  Siimatt,  in  what  in  my 
opinion  is  about  tlie  most  unpractical  and 
excessively  and  uiuiecessarily  expensive 
iiietliod  of  samphng  a  seam  that  I  sliould 
tliink  it  would  be  possible  to  imagine,  and 
I  should,  like  to  ask  the  author  if  this  has 
ever  been  carried  out  in  practice,  or  is  it 
only  the  result  of  a  fertile  brain  and  un- 
limited spare  time?  If  a  specimen  of  a 
seam  were  required  for  exhibition  purposes  ; 
overseas,  where  expense,  etc.,  were  no  ob- 
ject, ])erhaps  one  might  consider  the  matter 
from  that  point  of  view,  but  in  that  case  I 
would  suggest  a  wider  section  than  6  in.  to 
show  more  of  the  coal  as  a  set-off  against 
the  cost  of  admission  to  the  exhibition. 

If  tlie  autlior  of  the  paper  lias  not  used  a 
pick  underground  or  has  not  tried  cutting 
piUars  out  of  a  seam,  I  should  strongly  ad- 
vi.se  him  to  tiy  and  make  a  note  of  the  tiine 
required  to  make  a  calorihc  survey  of  a  mine 
by  his  method.  1  particularlj'  mention  tlie 
use  of  the  pick  by  the  author  himself,  as 
experience  in  handling  the  pick  is  a  very 
necessai-y  part  of  the  operation.  The  usual 
miners'  method  of  using  a  pick,  or  the 
Kaffirs'  for  that  matter,  is  quite  unreliable. 
Making  an  accurate  calorific  sui'vey  of  a 
mine  re(]uires  considerable  experience,  and 
the  personal  factor  and  judgment  are  most 
important  if  real  accuracy  is  the  object  in 
view,  and  not  exhibition  '  ])illars  "  packed 
in  straw;  this  I  think  I  am  well  able  to 
state  from  a  very  considerahle  personal 
experience  in  this  work. 

In  this  country  tlu'  miner  mines  the  coal 
in  (|uantity  according  to  instructions,  but 
only  large  stone  or  shale  bands,  or  some  con- 
tinuf)us  band  not  suitable  as  saleable  coal, 
is  left  undercround,  the  real  picking  or  sort- 
ing taking  place  on  the  surface  on  n  travel- 
ling lielt  constnicte<l  for  the  puqiose,  so 
that  the  .American  quotation  in  first  para- 
gra')li  on  page  3  does  not  apply  to  the  Trans- 
viuil.  The  .American  system  published  in 
1018  is  similar  to  the  system  published  by 


the  South  African  Engineering  Standards 
Committee  in  January,  1912,  which  1  had 
had  in  use  since  1908,  having  devised  it  to 
suit  necessity,  and  improved  it  by  experi- 
ence. It  is  in  use  to-day  with  marvellously 
accurate  results  at  a  mininuim  of  labour 
and  expense.  It  cuts  out  as  far  as  possible 
all  unnecessary  apparatus,  and  reduces  the 
time  required  for  the  operation  (and  the 
cost)  to  a  minimum  without  sacrificing  ac- 
curacy. This  I  feel  sure  has  not  even  been 
thought  of,  far  less  attempted,  with  the 
system  given  us  by  the  author  of  the  paper. 

In  view  of  the  multitude  of  things  the 
sampler  has  to  take  undergiomid,  I  think 
it  can  be  said  that  here  it  is  sim- 
plicity of  apparatus  and  a  knowledge  of  the 
work,  as  against  multiplicity  of  apparatus  to 
make  up  for  a  want  of  knowledge  of  the 
work  as  shown  in  the  paper  under  dis- 
cussion. 

It  would  seem  that  the  author  has  written 
a  paper  on  other  people's  experiences,  or 
the  want  of  it,  and  therefore  I  hope  will  not 
bear  me  any  ill  will  for  what  I  have  said, 
and  I  trust  that  if  ever  he  goes  to  England 
that  he  will  read  a  paper  on  South  .\frican 
methods,  and  then  I  think  we  shall  have 
cleared  the  slate,  and  he  will  have  had  his 
opportunity.  There  is  still  another  little 
point  I  would  like  to  mention  as  showing 
the  inipraetieable  ideas  conveyed.  I  will 
quote  from  the  bottom  of  the  third  column 
on  page  3,  "  A  second  method  is  to  jilace 
the  wliole  of  the  sample  in  a  thick  canvas 
cloth  sheet  tarpaulin  on  wliicli  it  may  be 
crushed  by  means  of  the  '  ])unner  '  or 
hammer."  T  have  seen  a  similar  method 
used  for  sepaiatinc  mealies  from  tlie  cob  bv 
beating  them  inside  a  sack,  but  to  break 
coal  on  canvas  or  taqiaulin  would  mean  that 
both  or  one  of  them  must  be  of  practically 
no  value  after  the  operation  as  I  leave  you 
to  guess  how  long  the  operation  would  con- 
tinue without  holes  being  cut  in  the  sheet- 
ing. In  this  country  we  have  to  buy  any 
cp'ivas  or  tai'paulin  we  require. 

The  system  of  conintr  wlien  quartering  the 
co'il  was  early  discontinued  for  large  ouan- 
taties — as  the  woilc  is  not  done  in  the  labora- 
tory, nor  is  the  usual  sainnler  of  coal  in  this 
country  a  man  trained  in  the  hiboratory. 
We  substituted  after  each  mixing,  the  fol- 
lowing: — With  samples  of  between  200  and 
300  Ills,  we  lay  out  the  coal  in  a  square  of 
6  in.  thick,  it  does  not  matter  if  it  be  3  in. 
thick  beyond  tlie  fact  that  it  would  cover 
too  much  space  which  is  often  limited ;  it 
is  then  quartered.     The  quartering  is  very 


Sept.,   1921.-1  TrevoT  Wiliiams — Standard  Methods  In  Samplinij,  Analyi^i<  and  Classification  of  Coal. 


39 


expeditiously  and  accm-ately  done  by  using 
a  cheap  quartering  apparatus  designed  by 
Mr.  Thomas,  Chief  Engineer  of  the  Wol- 
huter  Gold  Mine,  which  appai-atus  I  com- 
mend, to  others  as  a  time  saver  and  insm'er 
of  accurate  quartering  in  unskilled  hands. 
Xo  royalty  I  believe  is  charged  for  its  use, 
only  a  grateful  letter  of  acknowledgment  is 
sometimes  sent. 

I  will  again  quote,  "  When  the  weight 
falls  to  about  40  lb.,  samples  may  be  sent 
to  the  laboratory"  or  be  crushed  so  as  to  com- 
pletely pass  through  a  sieve  of  four  meshes 
to  the  linear  inch  when  its  weight  may  be 
reduced  to  15  lb." 

I  can  imagine  that  if  all  samples  that  were 
sent  to  the  laboratory  weighed  -40  lb.,  some 
of  thesis  laboratories  would  soon  be  in  com- 
petition on  unfair  lines  with  coal  dealers  who 
pay  for  their  coal,  besides  the  fact  that  the 
increased  cost  of  storage  in  town  would  take 
a  little  of  the  gilt  oflF  the  small  amount  of 
gingerbreafl  allowed  for  the  work.  Sureh' 
the  Home  lalxjratories  must  have  large 
spaces,  cheap  assistance  in  the  wa^'  of 
pupils,  etc.,  as  well  as  get  a  good  price  for 
their  work. 

I  cannot  quite  understand  why  at  the 
bottom  left  of  page  3,   No.   6,  is  given  as 

Nitrogen  percentage,"  No.  7,  as  "  Ulti- 
mate analysis,"  giving  the  percentage  of 
C.H.O.  and  N.  If  N.  stands  for  an3'thing  else 
than    r  what   is   it,    nitrogen   having 

'•■  •  '  .,■■'-,.  iiicntif>ned  in  No.  6,  but  it 
only  to  I'Xtend  the  list  and  make  it 
!'»<  k  in<>r»'  imfK>rtant. 

I  uimld  •  "  '^ nd  the  part  deal- 
ing with  .stun-  and  water 
nf  composition   for  disrussion   between   the 

''  '  '  d  fri<'lids  the  tmalyticHl 

i»'«-p  ff>r  me  in  its  pre- 
-♦•nt  fonn  with  th»»  time  1  have  at  my  dis- 
p  H-il. 

I    um    afraifl    the    author   has    given    us 

iWfthiriiT  new;  in  fart,  has  lightly  touched  on 

'MIH  Hubjert,  alm«^>Ht  to  belittle  its 


Ro   f«r  an  acriinite  determination  of  moJB- 

fun-   t""-.    I   am   in    favr»ur  of  the    I'   tube 

-'     -    '•    *  ■■  *'     '"■        '■•■rri  chloride,  or 

•  fU'id,  to  de- 
t<TTiiin#»  the  ermr  lUif  to  the  o%'en  meth^Kl 

llH<-    llM 

,.  ...  ■..    .   ..  utr  in- 

Htciul    of    a    (vititiniioiiN    expennive    methrxl 
v,\it^-  p<r<<(,f, ,(.'<.  of  awiinu'y  aliove  the  cor- 


an*  done  on  a   commoniiil    I»i<«ih      ThiM   I 


hope  will  some  day  be  the  case,  when  the 
powers  that  be  are  converted  to  the  benefits 
of  reducing  oiu*  results  to  a  definite  drv  coal 
basis  of  sample  and  return. 

With  regard  to  the  method  of  determina- 
tion of  volatile  matter  in  a  sample  of  coal 
given  by  the  author,  I  can  only  say  that  the 
results  would  be  quite  useless  to  me  in  my 
work,  as  I  make  considerable  use  of  the 
proximate  analysis,  perhaps  new  uses,  iu 
obtaining  informatiou  not  heretofore  asso- 
ciated with  chetiiical  analyses. 

I  have  corresponded  with  the  Americanr 
Bureau  of  Mines  on  the  subject  of  the 
American  method  of  heating  the  coal  at  a 
given  temperature  for  a  given  period,  a 
metliod  which  does  not  accurately  show 
what  the  volatile  contents  are,  but  shows  a 
result  depending  on  tlie  ra])idity  with  which 
the  coal  gives  up  its  volatile,  including  mois- 
ture, in  a  given  time,  which  is  not  neces- 
sarih-  a  true  statement  of  the  volatile  con- 
tents. 

The  Agglutination  Curve,  or  liit-(M--niiss- 
method  of  deteiniining  the  coking  (lualities 
of  coal,  does  not  commend  itself  to  me  since 
it  depends  on  an  outside  factor  or  diluent, 
and  since  jou  don't  know  if  the  hit  was  a 
bull's  eye,  or  the  miss  only  just  grazed  the 
target;  I  think  wi'  might  devise  a  lietter 
method  if  we  had  the  money  and  time -to 
spend  on  researdi  that  tlie  ])eople  at  Home 
seem  to  have. 

On  pn^e  12,  mention  is  ma<le  tlial 
"authorities  "  have  judged  "  it  essential 
that  all  classification  of  coal  shoidd  l)e  made 
on  <lrv  and  ashless  basis,  or,  in  otli.-r  W(irds. 
on  tin-  j)nri'  coal  sul)staiice. " 

It  will  depend  a  g(X)d  deal  \'i>r  \\li;it  pur- 
pose (lie  classiHeation  is  rcquireil,  and  Iidw 
much  use  it  is  going  t<)  b(>  when  arrange<l. 
I  am  in  agreement  that  all  our  i.-lurns  of 
calorific  value  should  he  on  llie  dry  coal 
basis,  the  hygroscopic  moist  nn*  being 
known;  but  ash  is  not  separable  from  coiil 
until  burnt,  a  fact  that  nnist  be  eotwiciered 
when  (dassification  is  considered.  What  is 
termed  pure  c<Nd  by  the  author  is  knowit 
here  ns  combiiKtible  matter;  pure  coi'l  to 
mv  mind  is  a  term  to  i)e  carefully  >ise<?, 
pi*rhii|>H  in  the  fiitin*i-.  when  we  know  what 
pure  coal  is. 

When  we  consider  the  ureat  difterenee  in 
Ht'e  and  coinDoHilion  of  the  j-omIs  of  South 
Africa  from  tlume  of  other  countri<'M,  it  but 
oinphaHiKcH  my  contentittn,  that  wv  should 
.'  ir  own  rem-arch  work,  lay  <lown  our  nwu 
.  aricl  delcnnine  our  own  fa4-tH,  mid  not' 
blindly  accept  the  dictum  of  others  unknown 
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to  US,  and  unknowiug  our  countn-,  its  diffi- 
culties and  possibilities. 

On  pa,f?e  16  there  is  reference  to  a  sample 
-of  '■  slack  ■■  in  which  small  coal  when 
separated  showed  10%  of  ash,  and  the  so- 
called  lai-ge  coal  contained  40%  ash  ;  this  is 
followed  by  the  remark,  "•  What  would  be 
the  worth  of  the  analysis  as  representing  the 
liea])  from  which  the  sample  had  been  taken 
if  the  proportion  of  large  and  small  received 
in  the  laborator^^  had  not  been  representa- 
tive of  tlie  large  and  small  in  the  heap  "? 
Here  follow  a  number  of  figures  which  can 
be  read  from  the  paper  and  then  again  I 
(|uote,  "  It  will  be  seen  at  once  that  the 
calorific  value  as  disclosed  by  the  laboratory 
would  vary  tremendously  in  the  two  samples 
refeired  to."  There  wo\il<l  undoubtedly  be 
a  variation  in  coals  having  a.  difference  of 
■iOy  ash  contents,  but  if  the  sample  of  the 
whole  bulk  is  properly  taken  by  the  method 
in  use  here  and  by  a  man  who'  has  been  pro- 
jM-rly  instructed,  say  for  a  couple  of  hours, 
there  should  result  a  true  sample  without 
any  unnecessaiy  separation  and  calculation. 

The  author  would  perhaps  be  suqu-ised  if 
he  knew  the  system  in  use  here,  including 
registration  and  other  checks  on  sampling 
coal.  Anything  in  the  way  of  careless 
sampling  is  soon  detected,  errors  of  labelling 
and  numbering  of  samples  shown  up  as  soon 
as  made,  the  percentage  of  errors  from  any 
source  being  a  negligible  quantity. 

Without  going  into  further  detail  I  may 
say  that  in  my  opinion,  the  methods  given 
by  the  author  for  saiii])ling  coal  might  per- 
haps be  of  use  for  som«  other  pui-poses,  but 
for  coal  in  Sf)uth  Africa  I  must  absolutely 
oppose  the  ado])tion  of  nianv  of  them,  even 
in  modified  form,  and  would  further  warn 
others  that  there  is  plenty  of  "  trouble 
sticking  out  "  for  whoever  tries  to  obtain 
reliiible  results  with  some  of  these  proposed 
methods.  Most  of  the  reliable  infonnation 
mentioned  may  be  obtained  from  text  books, 
but  there  is  much  of  this  that  ip  not  ap- 
])licable  to  South  Africa,  and.  further,  I  find 
no  hint  in  the  paper  as  to  costs,  or  who  pays. 
T^oth  are  important  items,  particularly  with 
elaborate  and  expensive  systems. 

I  would  like  to  take  tliis  opportunity  of 
nii-nticning  that  the  success  of  the  systems 
in  use  and  mentioned  above  for  the  detec- 
tion of  eiTors.  etc..  is  largclv  due  to  the  ven- 
VHluable  assistance  imgiudginglv  uiven.  often 
under  tryine  and  won-ying  conditions,  by  the 
analytical  chemists  who  cun-y  out  the  work 
«)f  aiuilysis  and  sometimes  of  supervision. 

I  have  often  thought  that  the  training  of 


the  engineer  should  include  sufficient  of  the 
chemist's  and  physicist's  training  to  enable 
him  to  appi-eciate  and  discuss  the  ^\•ork  of 
the  chemist,  and  likewise  that  the  chemist 
should  be  able  to  appreciate  the  engineer  in 
the  same  way,  have  similar  training  in 
engineering,  and  then  the  ideal  collaboration 
would  result  to  the  benefit  of  both. 

I  would  mention,  for  example,  the  bomb 
calorimeter,  pert'ect  as  a  physical  instrument 
of  a  very  delicate  character,  but  rotten  as  to 
mechanical  design  and  operation ;  here  it  is 
necessary  for  the  engineer  to  know  the  ap- 
paratus, its  use  and  pui-pose,  before  he  could 
design  an  instrument  to  embody  the  neces- 
saiy  strength,  accessibility  of  all  parts  easy 
to  use,  and  so  neai'ly  j)erfect  in  its 
mechanical  parts,  as  it  is  in  its  physical 
principles. 

I  wish  to  anticipate  a  question  that  may 
be  asked,  that  is  :  Why  do  I  not  read  a  paper 
on  coal  rather  than  use  destructive  criticism 
of  tlie  work  of  others?  It  is  a  reasonable 
question,  and  my  reply  to  this  is  weak,  you 
may  perhaps  think.  I  am  the  engineer  to 
the  Transvaal  Coal  Owners'  Association,  as 
some  of  you  know,  and  in  that  capacity  I 
feel  that  I  have  knowledge  in  trust  which 
I  could  not  use  excejjt  in  a  general  manner, 
and  a  general  paper  is  not  suitable  to  the 
standing  of  this  Society,  so  that  I  may  do 
more  gcod  as  a  critic  inducing  discussion. 

I  hope  I  shall  have  helped  to  discussion  on 
a  large  scale,  and  to  tlie  writing  of  fresh 
jiajiers  <in  the  subject  of  coal  with  something 
South  African  about  them. 

I  have  to  propose  a  vote  of  tluinl<s  to  the 
authoi-  of  the  jjaper  for  having  o])ened  up  a 
subject  that  we  should  have  opened  up,  and 
discussed  ourselves,  except  for  our  retinng 
natures  and  somewhat  shy  dispositions.  In 
some  of  this  work  we  may  claim  to  b© 
pioneers;  further,  I  think  that  the  sale  of 
coal  on  a.  calorific  basis  was  better  imder- 
stood  here  than  anywhere,  at  least  up  to  a 
few  years  ago.  I  hope  that  shortly  we  shall 
keep  ahead  of  the  times  by  meeting  again 
on  a  larger  and  more  representative  board, 
to  revise,  <liscuss,  an<l  add  to  our  previous 
work. 


The  meotitiL'  tluii  terminated. 


Notices  and  Abstracts  of  Articles  and 
Papers. 
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A  .Stcdv  of  thk  1{i:a<ti()\s  of  Coal  Sitlphur  in 
THE  Coking  Proi  ess. — "  The  sulphur  of  coal  has 
now    been    definitely   established    to    e.xist   a.s   pyrite 
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or  marcasite,  organic  sulphur,  and  a  rather  small 
amount  of  sulphates,  and  accurate  methods  have 
been  devised  for  the  determination  of  these  different 
forms.  The  behaviour  of  each  form  during  destruc- 
tive distillation  is  of  importance  since  the  reactions 
of  the  coal  sulphur  will  determine  the  percentage  of 
sulphur  left  in  the  coke  and  the  nat^are  and  amount 
of  sulphur  compounds  in  the  by-products. 

'•  An  apparatus  was  designed  to  heat  coal  in  an 
inert  atmosphere  under  exact  temperature  control, 
the  evolved  gases  being  passed  firstly  through  a 
heated  tar  filter,  and  then  through  ammoniacal 
cadmium  chloride  which  removed  sulphuretted 
■      '  ■!.   and,   lastly,   through   alcoholic   potash  to 

arbon  bisulphide.  The  coke  was  ground  to 
loo  nicsh  size  and  treated  with  hydrochloric  acid 
in  a  stream  of  hydrogen — the  outgoing  gases  being 
passed  through  ammoniacal  cadmium  chloride,  and 
evolved  sulphuretted  hydrogen  was  a  measure  of 
the  ferrous  sulphide  and  pyrrhotite  content  of  the 
coke. 

"  A  sulphur  analysis  of  the  hydrochloric  acid 
•    ■  -ive  the  sulphate  content,  while 

■  1    extract    of    the    residue    was 
Duuie  i<»  dritfrmine  unde<  omposed  pyrite. 

*'  Sulphur  in  the  residue  was  calculated  by  dif- 
ference, and  is  the  organic  sulphur. 

"  The  tar  was  tested   for  sulphur  by  the  use  of 
Elst'hka's  method.    Carbon  bisulphide  in  the  volatile 
rr   ■"   -    vas  detected  by  bfiiling  the  contents  of  the 
n«ta«h    hiilh.    acidifying    with    acetic    acid 
■    '.e  :  the  presence  of  a  red- 
''  would      indicate     carbon 

t  were   tested   exhaustively, 

a>  _    :  which    the    sulphur    com- 

pounds undergo   during   cfjkint:.    the   five   following 
cUaaes  of  reactions  were  e.stabiished  : — 

"  I.  Complete  decomp^jsition  of  the  pyrite  and 
nurcante  to  ferrous  sulphide  pyrrhotite  and 
sulphuretted  hvHrrie<»n 

••  2.   R-        •  "  hides. 

"  3    I».  ;.     sulphur    to 

_"n.      From   one  ouartf*r  to 

•i''f>hur   is  go  affected    in 

t  .t  the  by-product  gases 

t'-   i'-i^    ill  M,.:,    i: ir..ii^    mass    increase    this 

r«-.i<tion    to    an    much    as    one-half    f>f    the    organic 


«ii>i>(i<jr 

Ur. 


inn  '»f  «  ■msll  p!»rt  of  the  organic 

•  lnir    rom- 
ind  in  the 


:■    i,..r»;,  II    ,.{   the   ferrous 
ir    apparently 

riMid. 

I  to  bring  out  the 
■lit  of  the  lulphur  in  the 
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''  These  figures  would  seem  to  indicate  that  the- 
total  sulphur  of  the  coal  is  the  most  important 
factor  affecting  the  sulphur  content  of  the  coke, 
and  that  the  relative  amount  of  sulphur  forms 
present  do  not  affect  it  materially.  It  seems  pro- 
bable that  the  majority  of  coke  sulphur  is  organic 
with  a  smaller  quantity  of  iron  sulphide  present." 
— Alfbed  K.  Iowell,"  Journ.  of  Iiul.  and  Em/. 
Chem-  November,  1920,  Vol.  12,  Xo.  11.  p.  1069. 
(R.  A.  C.)  P 

Determination-   of   Molybdexcm. — "  The   follow- 
ing procedures  are  recommended  for  the  determina- 
tion of  molybdenum  in  ores,  especially  in  low-grade 
ores     and     tailings     from      the     flotation     process. 
\' "I mil'- trie  invthod. — Oo — 50   g.    of   ore,   containing 
not  more  than  008  g.  Mo,  is  dissolved  in  aqua  regia 
and    the    solution    evaporated    witii    20    cc.    of    sul- 
phuric acid   (1  :  1).      After  dilution,  the  solution   is 
neutralised    with    ammonia,     treated    with     10    cc. 
excess,    boiled,    and    filtered.      The    precipitate    is 
washed    with    hot   water,    re-dissolved    in    sulpiuiric 
acid,  and  re-precipitated  as  before.      The  combined 
filtrates  are  neutralised  with  sulphuric  acid,  12o  cc. 
added   in  excess,  the  solution  heated  to  70°  C.   and 
pas.«ed    through    a   Jones  reductor   20 — .30    in.    long, 
filled    with    amalgamated    zinc.      The    reduced    solu- 
tion,   which    contains   the    modybdenum    as    sesqui- 
oxide,   and   should   be   of  a   bright   green   colour,    is 
received   in  50  cc.   of  a  solutiim  containing  50  g.   of 
ferric    ammonium     sulphate,     45    g.     of    manganese 
sulphate,    87'5   cc.    of   syrupy    phosphoric  acid,    and 
875  cc.   of  strong  sulphuric  acid  per  litre,  and   the 
resulting  colourless  solution  titrated  with  .V/20  per- 
manganate   (1    cc.  =00016    g.    Mo).      The   ore    may 
also   be   deccjmposed    by    fusion    with    si.v   times   its 
weight  of  sodium    peroxide   in   an   iron   crucible,   in 
which    case    the    solution    of    the    melt    in    water    is 
made  up  to  500  cc,  25(1  cc    filtered   through  a  dry 
paper,    neutralised     with    sulphuric    acid.     125    cc 
excess  added,  and  the  .solutiim  boiled,  reduied.  and 
titrated    as    before.       If    the    ore    contains    copper, 
arsenic,  or  antimony  the  acid   solution  before  being 
passed  through  the  reductor  is  treated   with   a   few 
cc.    of   copper   sulphate   solution    and    several    grms. 
of  zinc,  when   nart   of  the  arsenic  and   antimony   is 
evolved   with  tlie  hydrogen  and   the   remainder  pre- 
cipitated  with   the  copper.      The   filtered   .solution    is 
reduced    as    before.       When    tungsten    or    van.ulintn 
is    present,    as    is    u.«ually    the    «ase    with    wulfenite 
ores,    the   molvlidenum    is   precipitated    by    hydrom-n 
sulphide    under    pressure    from    the    soliitiun    .ifter 
just  aridifyini;  with  sulphuric  .icid  and  adding  2  g. 
of  tartaric  .vid.     Th"  Kul()hide  is  di.ssolved  in  r/'/i/i/ 
rrgia   and    the   solution    evaporated    with    sulphuric 
acid    an    before,      fimriwrfrir    nirihuil, — The   ore    is 
di'      '       '     ri  iitiu't  m/iii  UK  dcKcribed   above  and   (lie 
nil  ;    eliminated    by   evaporation    with    liv<lrii 

<),\..i.,  .uid,  or  with  Id  (•<•.  of  Kult)lMiric  acid  if 
1' ;ii|  1*  prefitnt  The  diluted  soluticiii  is  filtered  and 
the  (iltriite  iiiiilcil  with  nii  exi'eitii  nf  luiunoiiia,  (he 
pre<  ipiiiiti-  being  re  diMHolved  and  re  preci|iitiited 
with    nmmonia.      Before   filtering  the   xolution    it   \n 

mixture    if    phonphoriiH    Ik 

filtraten   are   iieidifieij    with 

iiddeil.    fiiiloweil    by 

I    the    lii|iiid    titriited 

Miltldoii  (IH  g  per  litre) 
until  .'I  Irnt  iihiiwii  no  colour  with  luiini<-  niid.  2  vv. 
•  •  ■  ■  of  |p«d  R(-«(A(e  IH  nddeil  mid  tlii>  lii|uid 
•■'       ••■I   t"  ;    ■  V(i   MlillM  .   iheti   filtered. 

"'"'    '*"•    !  'I    with    2''..    iirniiiiiiiiiitn 

•c«ta(e  nr   nitrale   Nolutioii,  dried,   ignited   together 


treal4>d 
pre«u>iit. 
hydr<M  " 
^     Ml  , 
hot    with 


with    mnnnefiui 
Thi*  conibiiied 
■  >i\,  r,  .. 

Iitini  a<  •  ' 
lead    m-etntp 
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^vitli  the  paper,  and  weighed  as  PbMoOj.  In  this 
method  lime  ana  sulphur  do  not  interfere,  tungsten 
and  vanadium  are  removed  as  in  the  volumetric 
method,  arsenic  is  removed  with  magnesia  mi.xture, 
and  copper  remains  in  the  filtrate  from  the  lead 
molybdate." — J.  P.  Bonardi  and  E.  P.  B.\uuktt, 
T'.S.  Ihireau  of  Mines,  Techn.  paper  230,  1920, 
—J.S.t'.I.,  31st  March,  1921.  p.    183A.     (A.   \V.) 

Deteu.minatiok  of  Xitbous  Fumes  in'  Air. — 
"  A  method,  similar  to  that  of  Ilosvay,  but  ap- 
plicable to  both  small  and  large  amounts  of  nitrite 
or  nitrous  acid,  is  described.  The  liquid  under 
e.xamination  is  treated  with  1 — 10  cc.  of  pnitrani- 
line  solution  (/j-nitraniline,  To  g.,  concentrated 
hydrochloric  acid,  40,  water  to  500  cc.)  and  heated 
at  50°  (".  ;  1 — 10  cc.  of  «-naphth()l  solution  (^f-naph- 
thol,  2,  sodium  hydro.xide,  11,  sodium  acetate,  10  g., 
water  to  500  cc.)  is  then  added,  and,  after  1  hr., 
the  orange-red  precipitate  is  collected  and  weighed  ; 
fl2  g.  of  NO,,  or  fi9  g.  of  NaNO,„  yields  293  g.  of 
precipitate.  The  latter  dissolves  in  sodium  hydro- 
o.xide  solution  with  an  intense  blue-violet  colour, 
and  very  small  (]uaiitities  may  be  determined 
colorimetrically.  'I  o  determine  NO,  apart  from 
nitrite  in  the  fumes  from  fuse  igniters,  a  definite 
volume  of  the  gases  may  be  left  in  contact  with 
neutral  hydrogen  peroxide  s«ilution  for  24  hrs., 
and  the  solution  then  titrated,  using  methyl  orange 
as  indicator;  1  cc.  of  X jU)  alkali  is  equivalent  to 
O'OOeO  g.  NO,,.  Alternatively,  neutrnl  potassium 
iodide  solution  may  be  used  in  |)la(e  of  the 
hydrogen  peroxide  and  the  liberated  iodine  titrated 
with  thiosulphate  solution:  each  cc.  of  N j\Q  thio- 
sulphate  solution  =  0-0051  g.  NO,."— J.  MoiR,  J.S. 
Afr.  Assoc.  Anal.  Chi'iu.,  1921, ".{,  3— 7.— J. S.C.I. , 
loth  May,   1921,  ]..    32.SA.      (A.   W.) 

flrANini.NE  Carbonate  as  a  Standard  Alkali. — 
"  Sodium  carbonate  is  verv  generally  used  for  the 
preparation  of  standard  alkali  solutions,  but  it  is 
open  to  several  objections  (cf.  Rimbach,  Ber.  2(i, 
171;  Higgins,  J.,  1900,  958;  North  and  Blakey, 
.J.,   1905,  39(i). 

"  During  the  last  three  years  guanidine  carbonate 
has  been  used  in  this  laboratory  for  making  up 
.standard  alkali  solutions,  and  has  been  found  to 
possess  certain  definite  advantages  over  sodium  car- 
bonate. Thus  it  can  easily  be  freed  from  inorganic 
impurities,  it  contains  no  water  of  crystallisation, 
and,  when  pure,  it  is  non-hygroscopic. 

"  No  reference  to  its  use  as  a  standard  reagent 
has  been  found  in  the  literature,  although  Gross- 
mann  and  Schuck  {Chcm.-Zeit.,  30,  1205)  have  sug- 
gested it.'<  determination  by  titration  with  standard 
acids  and  recommend  it  as  a  powerful  alkali  to 
i)recipitate  zinc.  etc. 

"(Juaiiidine  carbonate,  f NH  :C(NH,) J,.H,CO,, 
is  a  .stnmg  "  mon-acid  "  base  ;  the  hypothetical 
guanidonium  liydroxide  from  which  it  is  derived 
approximates  in  strength  to  the  alkali  hydroxides, 
and  is  stronger  than  the  tetra-substituted  am- 
monium hydroxides  (Ostwald,  J.  prakt.  Chcm.  (2), 
.V.y,  267).  The  heat  of  neutralisation  of  the  free 
base  is  14  12°  ('.  per  g.-mol.  (Morrcll  and  liellars, 
J.  C/iem.  Soc,  1907,  1012). 

"  The  carbonate  as  ordinarily  prepared  from 
guanidine  thiocyanate,  i.e.,  from  ammonium  thio- 
cyanate  as  starting  material,  is  not  to  be  recom- 
mended, (leneraliy  it  is  hygroscopic  and  con- 
taminated with  ammonium  and  pota.isium  salts. 
In  any  case  the  purification  is  costly,  and  the  yield 
fif    carbonate    from    thiocyanate,    using    potassium 


carbonate  and  alcohol  extraction,  is  onlv  70%   (Vol- 
hard,  J.   prakt.   C/tnii.,   (2),  9,   10). 

"  The  product  made  from  dicyanodiamide,  i.e., 
from  calcium  cyanamide  as  raw  product,  is  extra- 
ordinarily pure,  and  should  be  obtainable  for  a  few 
shillings  a  pound. 

■■  (Juanidine  carbonate  is  precipitated  from  its 
aqueous  solution  by  addition  of  alcohol,  and  it  is 
best  to  make  use  of  tliis  fact  to  obtain  tlie  analytical 
reagent.  Two  precipitations  from  its  acjueous 
solution  and  washing  with  80%  alcohol  yield  small 
white  crystals  which  after  drying  at  110°  C, 
show  a  purity  of  100%  if  tested  with  standard 
acids,  and  can  be  stored  in  a  well-stoppered  bottle 
and  used  without  further  treatment  for  standard 
alkali  for  works  use.  Samples  left  covered  but 
exposed  to  the  atmosphere  for  14  days  in  a  warm 
corner  of  the  laboratory  did  not  gain  in  weight 
appreciably.  Beautiful  colourless  crystals  weighing 
up  to  3  g.  can  be  obtained  by  slow  evaporation 
fi'om  water,  but  although  they  are  anhydrous  they 
would  not,  however,  be  used  for  analytical  work, 
since  they  are  liable  to  occlude  impurities  and  a 
small  quantity  of  water. 

"  Although  it  is  generally  admitted  that  A'/ 1 
solutions  are  not  sufficiently  accurate  for  analytical 
work,  it  is  nevertheless  the  usual  practice  of  acid 
manufacturers  to  sell  their  acids  on  the  acidity  of 
a  weighed  (juantity  against  X/\  caustic  soda,  it.self 
standardised  against  X'l  acid  checked  against  X/l 
sodium  carbonate. 

"  Accordingly,  a  X/l  soluton  of  guanidine  car- 
bonate (9007  g.  per  litre)  has  been  compared  with 
X/l  sodium  carbonate  and  X/l  potassium 
hydroxide  (from  mercuric  oxide  and  potassium 
iodide).  The  strength  of  the  sulphuric  acid  was 
about  0957  X.  The  sodium  carbonate  was  Kahl- 
baum's  "  pro  analysi  "  dried  at  100°  ('.  Solutions 
were  all  u.sed  at  50°  (.'.  in  vessels  calibrated  <at 
that  temperature.  The  following  results  in  g.  per 
1.    are  the  mean   of   three   observations  : — 


Sndliuii 
oarln»tialf 


Oiitiiililine 
cnrbniiatr 


VntaBsinin 
livilrnxide 


Methyl  orange  ...         64'853       40-816         4091 

Congo  red        ...         ...         46-67         46-76         47- 1 

Alizarin   red 4672         4676         46-78 

"  The  acid  when  standardised  against  caustic 
soda  itself  standardi.sed  against  .V/l  hydrochloric 
acid  (by  Oay  Lussac"s  method)  with  phenolj)hthalein 
as  indicator  gave  a  result  of  4{')-S93  g.  per  litre. 
These  figures  show  that  the  testing  of  sulphuric 
acid  by  means  of  guanidine  carbonate  instead  of 
sodium  carbonate  is  accurate  enough  for  routine 
works   practice. 

"  (iuanidine  carbonate  has  also  been  used  for  the 
standardisiitior  of  A'/IO  sulphuric  acid.  Carbon 
dioxide  was  not  removed,  as  is  advisable  for 
accurate  work.  The  following  table  gives  the  factor 
of  approximately  X/H)  sul])huric  acid,  each  being 
the   mean  of   three  observations  ; — 


Indicator. 


Guanidine 
carbonate. 


Sodium 
carbonate. 


Methyl    orange      10075  10081 

Alizarin   red  10049  10075 

Congo  red 10060  10075 

"  The  higher  figures  witli  metliyl  orange  are 
possibly  due  to  a  slight  acid  reaction  of  the  carbon 
dioxide. 

"  It  thus  appears  that  guanidine  carbonate  should 
prove  a  satisfactory  and  convenient  reagent  for 
acidimetry.     It  merits  a  more  minute  investigation, 
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asLng  more  delicate  indicators,  such  as  broniothymol 
blue,     which     are     now     available. — The     Research 
Laboratorv.    the    Albv    United    Carbide    Factories,    , 
Ltd.,    Dagenham.'— A.     H.    Dodd,    J.S.C.I.,    30th 
April,  p.  89T.     (A.  W.)  , 

1 
The  DEsrLPHrKisixG  Actios"  of  Hydbogex  ox 
Coke. — '■  Sulphur  has  always  been  an  objectionable 
constituent  of  coke,  and,  as  the  supply  of  low 
s-ulphnr  coal  becomes  bss,  the  presence  of  more 
and  more  sulphur  in  metallurgical  coke  is  a  real 
problem.  Coal  washing  has  been  resorted  to  in 
many  regions  where  high  sulphur  coal  is  mined, 
but  even  efRcisnt  methods  of  washing  often  will 
n<>t  solve  the  problems,  since  this  treatment  removes 
pyrites  partially  but  not  the  sulphur  in  organic 
c(>mbination. 

"  In  most  cases  one-fourth  to  one-half  of  the 
sulphur  in  coal  can  be  removed  by  washing. 

"  Many  schemes  for  removing  sulphur  from  coke 
itself  have  been  proposed,  among  these  being  pro- 
cesses involving  passatce  of  ;;ases  through  the  coking 
mass  in  the  oven,  the  ^ases,  air,  steam,  chlorine 
and  carbon  dioxide  having  been  used.  Processes 
involving  the  addition  of  compounds  to  the  coal 
before  coking  have  made  use  of  salt,  sodium  car- 
tx>nat«  and  manganese  dioxide. 

"  None  of  the  abf>ve  coke  desulphurising  pro- 
cesses have  ever  found  e.xtensive  application. 

•  Aft  '      ilion  of  the  reactions  outlined  in 

the  pr.  .  and   also  of   the   fact   that   the 

sulphur  >A  ty   be   eliminated    by   the   action 

of    nascent  -••».    the    author    considered    that 

hydnjgen    passed    through    the    coking    mass    might 
show  a  material  desulphurising  action. 

"  If   this   were  so,   the   process  might  find   com- 

.1  application  since  the  lean  by-product  gases 

'1  bv  the  carlKjnisation  of  coal  contain  alK)Ut 
••n.  A  nerie-s  «)f  experiments  demon- 
••  effect  of  hydrogen  on  the  removal 
■II  coke  is  verv  noticeable.  In  most 
■itv  of  the  sulphur  is  removed   from 

at   1000'=  C. 
.         ^res,    containing    hydrogen,    such 
n  i^as.  are  itlower  in  their  desulphurising 
'    —  fn    with    a   longer   time   of    exp<»sure 
never  give  the  degree  of  desulphur- 
\    by    the    use    of     pure     hydn.-'  • 
.     for    the    removal    of    nulphur    • 

.'    of    by 
jirove  of 
Jourii.    of   /till. 
Vol.    12.  No    11. 
tR.   A.   <•.} 
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important  increase  in  the  cyanide  or  lime  consump- 
tion. The  heat  was  not  high  enough  to  roast  the 
ore  ;  in  fact,  I  found  that  baking  for  two  minutes 
was  as  long  a  period  as  was  necessary.  I  take  it 
that  the  heat  develops  cracks  in  the  ore  and  permits 
a  readier  penetration  of  each  particle  by  the 
cyanide  solution.  I  found  that,  however  prolonged 
the  agitation,  within  reasonable  limits,  the  tailing 
could  not  be  lowered  in  value  to  less  than  $2  per 
ton.  This  insoluble  portion  of  the  gold  might  have 
been  contained  as  distinct  entities  in  such  of  the 
grains  as  were  unaffected  by  the  heat,  but  I  am 
inclined  to  believe  that  this  residual  gold  is  mainly 
in  solid  solution  in  the  galena,  that  is  to  say,  it 
forms  with  the  galena  so  intimate  a.  mixture  that 
the  solvent  action  of  the  cyanide  is  practically 
impossible.  The  baking  process  is  unlikely  to  be 
an  economic  one  on  low  or  medium-grade  ores  con- 
taining, as  mined,  a  large  amount  of  moisture.  It 
seems  most  applicable  to  high-grade  ores.  Crush- 
ing could  be  done  in  water,  tlie  slime  could  be 
filter-pressed,  and  the  discharge  baked  prior  to 
cvanidation.'" — P.  T.  Brihl,  Min.  and  Scieii.  Press, 
2nd  October,  1920,  p.  479.   (C.  J.  G.) 

•'  •  Chloride   Vol.\tilis.\tiox  '    has  been    success- 
fully applied  in  the  treatment  of  low-grade  copper 
ore  by  the  Pope-Shenon  Mining  Co.  at  its  property 
near    Salmon,    Idaho.       Two    comparatively    simple, 
operations  are  involved   in  the  treatment  by  which 
the   metal    in   the   oxidised   ore   is  recovered   in   the 
form  of  high-grade  bullion.     The  process,  develoi)ed 
by  Dr.  Robert  H.  Bradford,  consulting  metallurgist, 
for  the  company,  is  a  departure  from  the  ordinary 
methods  of  smelting.     Tlie  ground  ore,  mixed  witli 
pulverised  calcium  chloride  in  proper  proportion,  is 
treated    in   an    oil-fired    revolving    roaster   in    which 
the   metal    is   volatilised   and   driven   off   as  a  fume 
of    copper   chloride.      Tlie    fume   is   j)assed    througli 
a   f'ottrell   elec-tric   treater   that    functions   perfectly 
in    separating    the   precijjitated    particles   of    copper 
chloride     from     the     gasecnis     constituents     of     the 
smoke.     The  dust  is  collected,  mixed  witli  lime  and 
charcoal,   and   fused   in   a  melting-furnace   in   wiiich 
oil  is  likewise  used  as  the  fuel.     The  molten  copper 
is  tapped   into  bullion-moulds  as  a  marketable  pro- 
duct,    while    the    slag,     which     is    impure    calcium 
'  hloride,    is    crushed    and    reverted    to    the    original 
roaster  to  supply  the  chloride  for  subsequent  opera- 
tions.      S<»veral    features    of    the    process    appeal    to 
the  metallurgist.     The  only  raw   materials  r<'<|uire<l 
are  charcoal   and   lime,   in  addition   to  the   necessary 
fuel  oil.     .\  unit  as  small  as  ."iO  tons  is  economically 
practirnble  ;  the  machinery  is  not  complicated  ;  and 
tho  wucci'HH  of   neither  the   roasting   nor  tho   fusion 
depends  upon   delicate  chemical   reaction   or  precise 
ilalion    of    temjH'raturc.       Sufficient    bullion    has 

li    mndo  to  demoiiNtrate   tli<>  kucccss  of   the   pro- 
but     the      moMt     ad  vaiitagfoiiH      niixtures      of 

('■rial  and   exact  tlegn f   ruasling   for  the  brst 

rcHultn  are  yet  to  be  deteriniiii'd.     The  KiitiHfnctory 
r.'  rf'irniance  of   the  new  plant  einphatiiNCH  the  possi- 

I  i«M    in    combining    the    operations    of    modern 

'  I'Nirgy    in    novel    wnyn    and    is    ii    cD-dit    to    fJie 
'V   nnri    rPMoiirce   of    l)r.    Ilriidfoid."—    .\tin. 
•i„.t    ^.,r„.  I'rr^o,  .Ird  July,  1020,  j..  2.     («'.  .1    'J  ) 

i  MINING. 

■'  nl       Al'XII.IAtlV      VkSTII.ATION        "Mrlnl 

•  rf(|urfitly  pinri'  iMitirn  reliiitici*  on  niilurni 
vphiiliaion  or  on  rompn'miiMl  nir,  nnri  liolli  iire 
likfly  lo  bo  iiii>fnripii(,  dangeroim,  and,  in  the  long 
run,    foally.      A    cornpr<'«*<*d  nir    blow«r    will    riirdy 
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deliver  to  a  working-face  more  than  100  to  150  cu. 
ft.  of  air  per  minute.  The  cost  is  2  to  5c.  per 
1,000  cu.  ft.,  and  there  is  danger  that  at  least 
occasionally  the  compressed  air  may,  through  defec- 
tive compressing,  be  charged  with  dangerous  gases. 
Ordinary  ventilation  methods  by  mechanical  fans 
produce  air  circulation  at  a  cost  of  about  2  to  5c. 
per  1,000  cu.  ft.,  and,  with  proper  supervision, 
will  readily  deliver  several  thousand  cubic  feet  of 
<air  per  minute  to  working-faces,  instead  of  the 
100  cu.  ft.  by  compressed-air  blowers.  For  dead- 
end faces  of  dritts,  cross-cuts,  raises,  winzes,  and 
shafts,  small  electrically-driven  fans  direct-con- 
nected to  i  to  10-h.p.  motors  force  air  through 
canvas  tubing  or  galvanised  pipe,  and  readily 
deliver  1,000  to  5,000  cu.  ft.  of  air  per  minute,  or 
10  to  50  times  as  much  air  as  can  be  obtained  from 
compressed-air  blowers  and  at  much  less  co.st. 
These  small  fan  and  canvas  or  galvanised-pipe  units 
not  only  remove  fume  from  the  face,  but  if  operated 
as  blowers  will  kee])  a  stream  of  moving  air  at  the 
point  where  the  machine-man  or  shoveller  works. 
In  hot  mines  especially,  the  worker's  comfort  and 
efficiency  are  greatly  improved  and  his  health  and 
safety  assured  at  least  as  far  as  explosives  fumes 
are  concerned.  Managers  of  the  larger  metal  mines 
now  recognise  this,  and  many  new  mechanical  ven- 
tilation units  are  found  in  the  West." — D.  Har- 
•  lUNGTON  and  B.  W.  Dyer,  Minim/  and  Scienfifir 
/Vc.v.--,  reprinted  from  Report  of  Investigations 
U.S.  Bureau  of  Mines,  28th  August,  1020.  p.  309. 
(C.  J.  G.) 

TiiK  Worlds  L.xuckst  HoisxiNf:  Engine. — "  At 
the  Quincy  mine,"  Michigan,  the  hoisting  engin3 
which  was  "  manufactured  by  Nordberg.  has  a 
winding  capacity  of  lO.COO  ft.  of  l|-in.  rope,  reaching 
down  an  incline  .sliaft  to  a  vertical  depth  of  6.600 
ft.  When  winding  the  rope  down  the  .second  cone, 
the  drum  has  a  capacitv  of  13,300  ft.  reaching  to 
a  vertical  depth  of  8,600  ft.  The  hoist  operates 
in  balance,  raising  a  load  of  20,000  lb.  of  rock  per 
trip  ai'd  is  desisned  for  a  rope  speed  of  3,200  ft. 
per  minute." — Miniiu/  and  Mefalhrnfi/,  October, 
1920,  p.  6.     (C.  J.   O.) 

MISCELLANEOUS 

T?ESIST.\NCE      OF       AnTHHAX      SrOHES      TO      VARIOUS 

Treat.ments. — "  A  15%  chlorine  solution  killed  the 
spores  in  8  hrs.,  0'5°;,  solution  in  21  hrs.  A  pickle 
containing  05%  of  hydrochloric  acid  was  ineffec- 
tive even  after  31  days.  4%  hvdrochloric  acid  solu- 
tion at  37^^  ('.  killed  the  spores  after  2  davs.  2'*, 
hydrochloric  acid  after  6  days,  1%  and  00%  after 
7  days.  05%  formaldehyde  solution  killed  the 
snores  in  6  days,  5%  in  5  days;  01%  mercuric 
chloride  solution  was  ineffective  in  1  day,  and  2% 
.solution  in  88  davs.  At  37°  C.  0-1—5%  solution 
of  mercuric  chloride  killed  the  spores  in  20 — 5  days." 
—A.  MriXER.  Arrl,.  //,/;,..  1020,  S9,  363—372.— 
Chrm.  Zrrifr.,  1021,  ftJ,  J.,  bOl.—J.S.C.I.,  16th 
May.    1921.  p.   319A.      (A.  W.) 

REVIEWS 

Err\LyrTs  and  theip  Essential  Oils. — "  Since 
the  time  of  Baron  von  'Mueller  tlie  systematic  study 
f)f  the  Eucalypts  has  been  almost  entirely  in  the 
hands  of  Baker  and  Smith.  Tliese  authorities  have 
departed  from  purely  orthodox  methods  in  classi- 
fication and  have  founded  species  on  a  system 
depending    not    only    on    morphological    characters, 


but  have  called  to  their  aid,  infer  alia,  the  chemical 
properties  of  the  products  of  the  trees.  The 
system  that  has  been  adopted  appears  to  have 
worked  out  very  successfully. 

"  In  the  volume  under  review,  which  is  enriched 
with  numerous  beautiful  illustrations,  the  whole  of 
the  important  Eucalypts  are  fully  described.  In- 
formation is  given  concerning  the  botanical 
characters  of  the  tree,  its  habitat,  the  character  of 
its  timber,  and  a  full  account  of  its  essential  oil. 

"  A  special  chapter  is  devoted  to  a  descriptiori 
of  the  principal  constituents  found  in  the 
Eucalyptus  oils,  including  cineol,  geraniol,  the  ter- 
pineols,  pipei'itol,  eudesmol,  cuminal,  aroma- 
dendral,  and  cryptal.  A  critical  survey  of  the 
methods  for  the  determination  of  cineol  in 
eucalyptus  oils  is  included,  but  the  orthncresoi 
method  has,  unfortunately,  been  published  in  this 
country  just  too  late  to  be  included  in  this  survey. 
The  authors  conclude  : — (1)  That  an  accurate 
method  for  determining  the  amount  of  cineol  in 
eucalyptus  oils  under  all  conditions  has  yet  to  be 
discovered  ;  (2)  that  no  one  present  method  is  ap- 
plicable in  all  cases ;  (3)  that  arsenic  acid  is  less 
advantageous  for  the  purpose  than  phosphoric  acid  ; 
(4)  that  the  use  of  petroleum  ether  in  connection 
with  phosphoric  acid  is  an  advantage  if  the  process 
be  carried  out  in  the  manner  suggested  by  the- 
authors. 

"  Amonff  other  conclusions  they  agree  with  most 
English  chemists  that  the  resorcinol  method  is 
only  of  use  with  certain  types  of  oil.  It  is  stated 
that  eudesmol  occurs  in  both  the  liquid  and  the 
crystalline  conditions.  '  although  the  line  of  de- 
marcation separating  them  is  evidently  slight.'  Tlie 
authors  consider  that  eudesnntl  clianges  its  character 
from  crystalline  to  liouid,  and  rice  versa.  Tiie 
explanations  of  this  do  not  appear  to  be  very 
satisfactory,  and  it  is  probable  that  further  research 
may  prove  the  existence  of  isomeric  eudesmols, 
each  of  constant  clnracters  and  existing  in  varyino; 
proportions  naturally,  so  that  sujierfusion  and 
similar  phenomena  may  b"  in  ouest'on. 

"  Cryptal  is  a  new  aldehyde  of  some  interest, 
and  was  obtained  from  two  different  specimens  as 
a  crystalline  semicarba/.ono.  meltine  at  180°  f".  : 
there  appears  to  be  no  doubt  of  its  chemical  indivi- 
duality. Piperitone,  the  '  peppermint  '  k-'tone 
discovered  by  Smith,  is  another  very  interesting 
con.stituent  of  certain  Eucalyptus  oils,  and  interest- 
ing .<;pe(ulations  as  to  its  constitution  are  made. 
It  is  ))o.ssil)le  that  thymol,  which  results  from  the 
oxidation  of  piperitone  by  means  of  ferric  cliloride, 
may  eventually  be  prepared  in  this  way  on  a  com- 
mercial scale. 

"  The  work  is  very  free  from  errors,  and  reflects 
great  credit  on  all  concerned  in  its  production."— 
Ernest  J.  Parry,  J. S.C.I. ,  16th  May,  p.  183R. 
(A.  \\.) 


Changes  of  Address. 

Aaret,     V.     .T.     v\N,    Ho     Derslcy  :     33,     Cathcart 
Street,   Aliwal  Norih,   C  P. 

Heatiy,  J.  W.  S. ,  l,o  King's  Hotel,  Vogelfontein  : 
St.    Michael's  Rectory,   Vogelfontein. 

Prentice,     T.     K.,     I'o     Mayfair,     Johannesburg: 
Knight  Central  Ltd.,  P.O.  Box  91,  Germiston. 

•'iTCHiR,    J..    I/')    .Tohannesburg  :    Transvaal    Silver 
and  Base  Metals,  Ltd.,  P.O.  Argent,  Transvaal. 
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Proceedings 

AT 

Ordinary  General  Meeting, 
15th  October.  1921. 


The  Ordinary  General  Meeting  of  the 
Society  was  held  in  the  Assembly  Hall. 
Scientific  and  Technical  Club,  100,  Fox 
Street,  Johannesburg,  on  Saturday,  the  15th 
October.  1921,  at  8  p.m..  Mr.  F.  Warten- 
weiler  f President)  in  the  chair.  There  were 
al.so  present :  — 

Z'}  Members:  Prof.  G.  A.  Watermever, 
Me?:*r^.  F.  W.  Watson,  .1.  R.  Thurlow, 
H  R.  Adam,  Andrew  King,  H.  S.  Mever, 
I  K.  Thoma.s.  Jolm  Watson,  A.  Whitby, 
II.  A  White.  Prof.  J.  A.  Wilkinson,  J.  A. 
Woodburn  (Members  of  Council),  H.  D. 
liell.  .J  Q  Braidwood,  Dr.  W  A.  Caldecott, 
T  N'  I)ewar,  J  M.  Dixon,  Jas.  Gray,  E.  L. 
H  -  W  T.  Ileslop,  L.  D.  Ilingle.  E. 
1.  iiam,    John    Innes,    A.    McA.     John- 

?«ton,  W.  C.  Lindemann,  C.  A.  Meiklejohn, 
Geo  Melvill.  Dr  Ja*.  Moir,  J  F  Pyles, 
J  J  R  Smvlhe.  Prof  G.  H  Stanley. 
W.  E  Thorpe'.  J.  T.  Triggs.  EM.  Weston 
and    H     R     S     Wilkev 

''  ^  '-'tte*:  Messrs.  O.  A.  Gerber,  F.  J, 
1  '-n.    and    V.    Powers. 

6  ViJiuori  and  II  A  G.  Jeffreys  (Secre- 
tary). 

mXL'TEH 

Th«  Minuted  of  the  Ordinary  General 
.'.  held  on  the  17th  Septem'l>er.  1921. 
•"■-t   in  the  .S^-ptenilier  jDurnnl,   were 

NEW     MKM><KR<^ 

A  >/h1.'.»  wn«  l.-ikTi  for  the  fle<;tion  of  new 
fii«.f..J,«.r        .t,!    ri,».    following    were  declared 

I        -      '•.  H    A  .  |{Hr«l<>f'«  Hmldinicn.  .lohniiiif*- 

'  F    ;Mnrfr 
I        I  Mtximu       Iron      Sc      Sto«>| 

I'f'^Jm  t4,  i.ui  ,      l)rnr«T,      Joharini'«burg : 


Engineer. 
Power.   R.   C.   P.O.    Box  5650,   Johannesburg 
Mechanical  Engineer. 


The  Secretary   announced    that    the    fol- 
wmgr     crenllemen     had     bet 
Associates    by    the    Council: 


lowing     gentlemen     had     been     admitted     as 


DiERiNC,  J.  H.  A..  P.O.  Box  105,  Pilgrims 
Rest :  Acting  Resident  Manager,  Vaal- 
hoek  Mine,   Transvaal  G.M.   Estates,  Ltd. 

LiMEBEER.  A.  J..  P.O.   Box  809,  Johannesburg: 
Statistician.   Transvaal   Chamber  of   Mines. 

SNon(.K.\ss,  J.  v.,  P.O.  Box  159'_>.  Johannes- 
burg:   Manutacturing   Chemist. 

TuEGO.vi.N(;.  A.  L.,  57.  National  Bank  Build- 
ings, Johannesburg :  Secretary  of  Com- 
panies. 

ViN-E.  H.  E.  SoMERS.  P.O.  Box  7.WG.  Johannes- 
burg :    Auditor. 


GENERAL  BUSINESS. 


RESEARCH     ENI)0\V.MENT     FL'ND 
OF     MEUAl.S. 


PRESENTATION 


The  President  said  they  had  that  eyeu- 
ing  lilt*  ^it-ai  pleasure  of  presenting  medals 
for  Research  carried  out  during  the  past 
year,  also  during  preyious  years.  Some  time 
ago  it  was  suggested  by  the  Treasurer, 
Mr.  J.  R.  Thurlow,  (hat  a  Research  Endow- 
ment Fund  should  be  established,  and  thai 
the  interest  on  that  Fund  be  used  in  the 
suj)port  of  Research,  and  tha(  the  Society 
should  present  medals  annually.  He  (the 
President)  would  have  a  good  deal  to  say 
about  Research  later  on  in  his  Presidenlial 
Address,  so  would  not,  at  the  jiresent  junc- 
ture, take  up  much  of  their  time.  Pro- 
fessor Wilkinson,  who  lia<l  always  been  a 
great  enthusiast  in  this  matter,  would  s|)eak 
on  the  subject,  and  woiihi  also  introduce  the 
medalists 

Prof.  J.  A.  Wilkinson   said    lie    had    l)een 
aske4l    to   Mitii><i(i<<-    ill, it    evening    the   gentle 
men    who    had    been    Melecte<l    by    the    Council 
lo  receive  mrdaln  which  are  given   un<ler  the 
ReHcarcli    Endowment     Fund    that     liiid    been 
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created  during  the  past  year.  The  idea  of 
the  Fiiud  was  to  encourage  Research  in  the 
subjects  of  Chemistry,  Metalhirgy,  and 
Mining,  with  which  the  Society  was  most 
closely  associated.  The  idea  was  that  a 
Fund  should  be  collected  and  the  interest 
should  be  spent  each  year  in  giving  medals 
for  the  best  paper  read  on  any  of  these 
subjects  during  that  year.  He  thought  the 
Council  also  had  in  view  the  fact  that  any 
paper  or  papers  before  being  awarded  a 
medal  should  come  up  to  the  standard  re- 
quired by  the  Council,  lie  himself  thought 
it  would  be  great  folly  if  these  medals  were 
given  indi-scriminately,  as  they  were  not 
meant  to  be  given  in  that  fashion,  but  for 
papers  of  merit,  and  he  felt  sure  that  the 
Council  would  always  keep  up  a  high  stan- 
dard in  that  respect.  Many  years  ago  they 
had  a  scheme  whereby  a  bonus  of  £50  each 
went  with  the  medal,  but  that  system 
vanished  quickly  because  the  money  was 
soon  expended.  Since  that  time  nothing 
had  been  done  until  the  Fund  was  re- 
established in  its  present  form.  A  capital 
sum  had  been  collected  during  the  past 
year,  and  was  now  the  property  of  the 
Society,  and  the  interest  only  would  be  de- 
voted for  the  granting  of  medals.  The  idea 
was  that  tlie  medals  should  be  granted  for 
papers  read  during  the  year,  but,  as  they 
had  had  no  funds  for  some  years  prior  to 
the  present  one,  the  Council  decided  that 
the  papers  which  had  been  read  before  the 
Society  during  the  years  which  had  elapsed 
between  the  deatli  of  the  former  fund  and 
(he  establislunent  of  the  present  one  should 
be  taken  into  account  in  awarding  the 
medals.  He  felt  sure  that  the  members  of 
tlie  Society  would  endorse  the  decisions  at 
wliicli  the  Council  had  arrived,  namely,  in 
presenting  medals  to  the  following  gentle- 
men :  Dr.  James  Moir,  for  Chemistry,  r.s 
(liey  were  all  aware  of  the  versatility  of  his 
work,  for  he  liad  contributed  a  large  number 
of  papers  to  the  proceedings  of  the  Society; 
(o  Dr.  W.  A.  Caldicott  and  Mr.  H.  A. 
Wliite,  eacli  of  whom,  in  his  respective  realm 
of  Metallurgy,  had  contributed  papers  of 
sterling  merit.  Th.en  it  was  with  ])eculiar 
pleasure  that  he  had  also  to  introduce  the 
reri])ient  for  the  Gold  Medal  for  the  be^^t 
Mining  paper  which  had  been  read  during 
recent  years,  inasmuch  as  the  recipient,  Mr. 
John  Innes,  was  one  of  his  former  pupils. 

Members  present  knew  all  the  gentlemen 
he  had  introduced  extremely  well,  and 
therefore  notliing  furtlier  was  necessary.  He 


thanked  the  Council  and  the  Society  for 
affording  him  the  privilege  and  pleasure  of 
introducing   them. 

The  President   then  presented  the  Chem- 
istry Medal  to  Dr.   James  Moir. 

Dr.  J.  Moir,  in  responding,  said  he  felt 
it  was  very  nice  of  the  Kesearch  Endowment 
Committee  to  have  awarded  him  this  medal, 
particularly  as  he  had  not  been  very  atten- 
tive to  the  Society  of  late.  However,  liis 
connection  with  the  Society  went  back 
eighteen  years,  so  the  past  could  be  taken 
to  compensate  for  the  present.  It  so  hap- 
pened that  this  presentation  coincided  with 
his  liaving  written  his  luindredth  scientific 
paper.  He  had  therefore  been  looking  'nto 
statistics  of  his  wx'itings,  and  the  Committee 
which  recommended  his  name  would  be 
pleased  to  learn  that  this  Society  came  first 
in  the  statistics  with  thirty-nine  out  of  the 
hundred.  He  had  contributed  something 
every  year  since  1903  (except  1918  for  some 
reason).  He  even  found  that  in  one  year 
in  particular  (1909)  he  actually  contributed 
six  papers  to  this  Society  alone — an  appal- 
ling thing  to  do.  Since  then  he  had  been 
attracted  to  the  more  specialist  societies  of 
South  Africa,  viz.,  The  Royal  Society  in 
Cajjelown,  to  which  he  had  given  twenty- 
three  papers,  and  the  Analytical  Chemists, 
to  which  he  had  given  ten.  In  the  early 
days,  however,  this  Society  filled  a  very 
special  place — it  was  not  severely  scientific : 
and  gave  a  strong  scope  for  controversy. 
The  controversies  of  these  days  were  reall)' 
lively  too — they  called  a  s2:)ade  a  sj^ade — and 
he  was  afraid  he  must  have  hurt  many  feel- 
ings in  his  first  half-dozen  years  liere — 
merely  from  youthful  combativeness  and  joy 
in   the   battle  of   wits. 

His  first  appearance  before  tliem  was,  as 
lie  said,  in  1903,  wlien,  in  discussions  en 
papers  by  Mr.  Cullen  and  by  Mr.  Heymann, 
on  Miners'  Phthisis,  he  called  attention  to 
the  considerable  })roducti()n  of  ])()isonous 
gas  from  explosives,  which  appeared  to  have 
been  unknown  at  that  time  in  this  country. 
Well,  lie  saw  by  the  Agenda  that  Miners' 
I'hthisis  was  still  under  discussion.  How- 
ever, as  he  had  not  been  doing  any  fresh 
investigations,  he  had  nothing  fre.sh  to  say, 
but  he  thought  !Mr.  Ridinrdson's  suggestion 
was  worthy  of  the  attention  of  engineering 
inventors.  That  suggestion  was  to  use  a 
rotarv  drill  made  of  material  much  harder 
than  quartz,  such  as  crystalline  carborun- 
dum.     This    would    not    only     allow     of     a 
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thorouffh  contact  of  water  during  drillinor 
but  would  probauly  produce  a  much  coarser 
dust — and  ♦Jiev  knew  that  dust  over  eight 
microns  in  size  was  not  injurious;  it  would 
also  be  more  efl&cient  and  economical.  The 
present  scheme  of  pulverising  quartz  in  a 
borehole  with  a  tool  which  is  not  much 
harder  than  quartz  was  really  prehistoric,  if 
people  could  only  see  it.  It  was  like  our 
rude  forefathers  cutting  down  a  tree  with 
a  soft  copper  axe. 

On  an  occasion  like  the  present  one  felt 
that  one  was  using  the  "first  personal  pro- 
noun" too  often — and  this  was  a  terrible 
feeling  in  one  who  was  brought  up  in  that 
famous  citv  Aberdeen,  famous,  as  they  all 
knew,  for  self -negation.  (Laughter.)  It  was 
the  result  of  unaccu.-tomed  conspicuousness. 
He  assured  them  that  although  he  had  done 
this  before — for  this  was  his  tenth  medal — he 
wa.-  just  as  nervous  as  ever  about  it.  In 
addition,  the  .seriousness  of  the  occasion  was 
a<?ded  to  by  the  fact  that  it  was  a  Gold 
Medal — all  the  previous  ones  having  been 
of  ba.ser  clay;  so  he  felt  just  like  a  prize  cow 
-It  the  Acrricultural  Show,  which  had  won 
rlie  Gold  Medal,  thougii  not,  like  the  cow,  on 
hi-s  physique.  (Renewed  laughter.)  There- 
fore he  hoped  thev  would  allow  him  to  retire 
I'racf-fiillv    •with    Tnt:v    'hanks. 

Dr.  W.  A.  Caldecott  said    he    need     not 

-ay    that    he    wa.s     extremely     pleased     wheii 

their  worthy   Secretan.-    notified    him   of    the 

•  •'•-  Council.     He  greatly  appreci- 

nr   the   Society   had    conferred 

upon  him       He  had  had  the  honour  of  con- 

ri  niiniber  of  papers  to  tl'.e 

iig"*  ^ince   the   first    year  cf 

the  ~  '«  format  ion  in  1894,  and  he  hatl 

;.le     formulae     upon 

.   ,,.    •.t,.,■,^:,.    i.. ^iit   that     his    friend, 

H  A.  White,  wa»  much  more  at  home 
in  th«>  ref^iun  of  higher  mathematics  A\%n 
himwlf 

Mr.  H.  A.  White,  in   re^pondinjj,  »aid   lie 

vrry  murh  appreciated  the  honour  that  had 

>»r*n  ronff-rred  up^jii  him,  for  an  honour  roii- 

ferrH      by     one'«      fallow  workerw     muHt     be 

valuf^l    more    highly    than    any    other   could 

[Kf^ibv  be      No  doubt  one  of  the  objerto  of 

'he«e  n*  '    '        a"  to  enroura^e  the 

irker    ;  ••    forward    with    hi" 

•  rvationn  on   •omm  subject  in    which    he 

I         It     W/l- 

.  ,    „ _     I  t'»  mak«' 

•nd  to  put   the   rcxult    of   the«e 
mm  at  the  di«po««I  of  memlierfi  of  (he 


Mr.  John  Innes  expressed  his  pleasure  at 
receiving  the  Gold  Medal  of  the  Society,  and 
deeply  appreciated  the  honour  that  had  been 
conferred  upon  him.  Dr.  Moir  had  referred 
to  the  fighting  spirit  of  the  Society  in  the 
■'olden  days."  There  certainlv  was  a  good 
deal  of  opposition  to  the  methods  described 
in  his  paper,  but  there  was  no  real  fighting. 
With  regard  to  the  Konimeter,  which  was 
now  standardised  on  the  Rand  Mines/ 
Central  Mining  Group,  it  was  probably 
only  a  question  of  months  before  it  would 
be  adopted  throughout  the  Reef.  For  the 
invention  of  this  instrument  he  expressed 
the  obligations  of  all  to  Sir  Robert   Kotze. 

The  President  ex])ressed  the  ho])e  that 
the  recipients  of  the  Medals  would  value 
them,  and  that  they  would  never  be  in  such 
circumstances  that  thev  would  be  tempted 
to  take  advantage  of  the  i)reniium  on  gold. 
(Laughter.) 

I.KnrRK     ON     WIRELESS     TEI.EGRAPHV. 

The  President  drew  attention  to  the  fact 
I  that,  under  the  auspices  of  the  Associated 
Scientific  and  Technical  Societies  of  South 
Africa,  Dr.  II.  J.  van  der  Bijl,  Scientific 
and  Technical  Adviser  to  the  Union  Govern- 
ment, would  deliver  an  illustrated  lecture 
entitleil,  "Recent  Dcvel()i)nients  in  Wiieless 
Telegraphy  and  Telephony,"  on  the  follow- 
ing Monday  evening,  in  the  Assembly  Hall. 
In  tiiis  connection  the  President  an- 
nounced that  the  Associated  Scientific  and 
Teclmical  Societies  were  arranging  for  a 
.'•cries  of  lectures  by  prominent  men,  on 
more  or  ]ess  ])opular  subjects,  and  trusted 
that  all  members  would  use  tlieir  ofTorts  to 
make   them    successful. 

He  also  drew   attention   to  the  Cabaret    to 
be   heUJ   on   the  Club   prcniisoH   on    Doccinbor 
'     Slst   next,  which  he  hoped  would  he  heartily 
MUpported. 

MM.I.   FINGER   SAFETY     I'KVIt  K. 

Mr.  J.  M.  Dixon:  I  would  Iik»'  to  driw 
the  atif'iii  I'll!  (It  Mtili  iii('inl»<Ms  to  a  model  of 
a  «afflv  (h-vii-e   f<»r  use  in   stamp  inins. 

The  device  PonHi»tH  of  five  pronged  catches 
hung  on  a  bar,  tho  whole  being  carried, 
when  in  unc,  by  bracket  all  ached  111  the 
kinf(  (MMit*. 

When  a  battery  in  hung  for  re|.air«  \nf 
bar  i«  |)lnrpd  in  the  l)rarkel«  and  the  calchrs 
wiiiig  over  each   to  engage  a   finger. 

The  ronlrivance  i»  light,  handy,  and  in- 
e»pofi«<i*e,  and  ban  (he  advantntre.  which  will 
br  appre<  i/itiwj   m  old   inilN.  of  l>eing  chiHtic, 
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1 
i.e.,  centres  are  not  fixed.      The  catches  can  model    on    the    table    of    this    safety    device, 


be  made  to  fit  either  T  iron  or  wooden  finger 


post  J 


The  President     drew     attention     to     the 


which  he  hoped  would  be  carefully  examined 
by  those  present. 


THE  PRESIDENTIAL  ADDRESS. 


By  F.  Wartenweiler,  A.l.M.M. 


It  is  not  uncommon  for  your  President,  in 
his  inaugural  address,  to  present  a  review  of 
recent  progress  reflecting  the  current  posi- 
tion of  that  section  of  the  Society's  activi- 
ties in  which  his  own  particular  interest  lies. 
I  have  therefore  decided  to  follow,  in  tlie 
main,  in  the  footsteps  of  this  accepted  })rin- 
ciple.  If,  at  times,  1  tread  on  controversial 
ground  it  is  for  the  purpose  of  inviting  full 
discussion  on  such  subjects  as  shew  the  trend 
of  recent  scientific  thought  and  experience 
toward  radical  improvements  or  changes.  I 
do  not  altogether  decry  verbal  pyrotechnics 
and  sensational  disclosure,  as  these  often 
have  the  power  of  galvanising  our  members 
into  interest  and  action. 

Hasic  progress  in  science  is  notably  slow 
and  by  reasoned  stages.  Many  of  us,  en- 
grossed in  our  routine  tasks  and  having  the 
responsibility  of  maintaining  the  high  stan- 
dard of  efficiencv  set  before  us,  are,  perhaps, 
barely  cognisant  of  the  slow  development  of 
the  art  until  we  pause  to  consider  and 
review.  Tt  is  then  that  evolution  is  revealed. 
With  these  observations  I  will  proceed  to 
illustrate. 

Underground       Features. — Tn       dealing 

with    tlie    Metallurgy    of    tlie    Wit watersrand 

it  is  often  taken  for  granted  that  the  initial 

steps   begin    after   the   ore   has    been    hoisted 

to  the  surface  and  delivered  to  the  reduction 

department.      On    some    mines    this    can    he 

accepted  as  the  starling  point   for  the  bene- 

ficiation    of    the    ore.      On    others,    however, 

natural   rliemical  processes,   which   affect    tlie 

subsequent    treatment,    begin    in    the     stope, 

the  ore  pass  and  the  pump  sump,   and  it  is 

due  to  tlie   recognition    of   this   fundamental 

fact    that    one    large    group    has    begun  ore 

treatment    underground    and    has     extended 

the    resj)onsibility    and     usefulness     of     the 

chemist    and    metallurgist.      I    allude   to   the 

"liemical    control    of    neutralisation     of     acid 

n.me  water  by  means  of  lime,  the  settlement 

of  sludge,   its   subsequent   disposal,    and   the 


maintenance  of  a  favourable  composition  oJ 
water  for  re-use  in  dust  allaying,  in  which 
there  are  pitfalls  unseen  except  by  the 
trained  chemist.  Tlie  preci])itation,  from  a 
supersaturated  mine  water,  of  the  calcium 
sulpliate  formed  in  neutralising  or  its  pre- 
vention bv  adequate  dilution,  cannot  be 
ignored  without  the  payment  of  the  penalty, 
scale  in  pipes,  or  the  purchase  of  an  expen- 
sive precipitant. 

The  precise  chemical  control  appeals  to  the 
economist  and  mine  owner  as  a  means  of 
saving  tons  of  steel  and  other  corrosive 
material  used  underground,  not  to  mention 
that  of  cyanide  at  the  surface  plant.  As  i'n 
example  the  experience  of  one  mine  may  be 
mentioned  where,  by  careful  control,  cyanide 
consumption  has  been  lowered  from  0-28  lb. 
to  018  lb.   per  ton  ore  treated. 

Acidity  in  mine  water  has  been  known  to 
be  sufficiently  high  in  some  old  workings  to 
blister  the  flesh  of  men  coming  in  contact 
with  it,  as  the  e]>isode  of  a  mine  manager 
who  had  such  a  ])ractical  though  painful 
demonstration.  We  have  also  heard  cf 
miners  who  have  suffered  from  the  burn  cf 
strong  alkalinity  by  coming  in  contact  with 
an  accumulation  of  milk  of  lime  in  some 
back  water  underground.  The  one  points  to 
the  moral  of  the  usefulness  of  information 
on  the  degree  of  acidity,  the  other,  of  waste- 
fulness of  lime  when  not  ap))lied  under  pre- 
cise control  or  at   the  most   effective  place. 

The  practice  of  underground  support  by 
means  of  ore  packs  is  well  known,  and  has 
been  described  at  our.  meetings  by  several 
members  in  an  interesting  manner.  In  view 
of  the  chemical  and  phvsical  alterations  tak- 
ing place  in  these  packs  the  question  arises 
whether  such  a  method  of  mining  affects  the 
subsequent  extraction  of  gold,  and  to  what 
extent.  No  satisfying  answer  has  been 
forthcoming,  ]ierha])s  due  to  lack  of  oppor- 
tunitv    for   a    definite   test. 

Sand  filling,  which  has  returned  hundreds 
of  thousand   of   tons  of  residue  sand   1o  the 
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place  of  origin,  the  stope,  has  found  its 
way  back  to  the  reduction  plants  in  small 
quantities,  particularly  on  outcrop  mines, 
where  ground  movements  and  consequent 
break  away  of  sand  barricades  take  place. 
The  incidence  of  this  acid  material  in  the 
extraction  of  gold  from  the  clean  current  ore 
is  noted  bv  reduction  men  to  be  adverse. 

CavsniNG  AND  Sorting,  operations  so 
closely  related,  locally,  as  to  be  dealt  with 
under  one  heading,  is  such  an  important  and 
comprehensive  subject  that  it  could  easily 
form  the  sole  basis  of  a  paper.  Interest 
seems  to  have  lagged  of  late  years.  Is  it 
because  the  existing  plants  are  considered 
capable  of  fulfilling  all  requirements  from 
the  point  of  view  of  eflBcient  crushing,  sort- 
ing, and  low  cost  of  operation  ?  Not  until 
you  make  a  close  study  of  various  types  of 
stations  now  in  operation  are  you  impressed 
with  the  variety  of  objectives  originally 
affecting  the  design  of  each. 

The  early  designers,  in  the  pre-convevor 
belt  days,  built  skywards  and  in  conjunction 
with  rotary  sorting  tables,  often  employed 
cru.'<her>  at  the  highest  point  of  the  structure 
for  cracking  large  rock  prior  to  sorting. 
Many  of  these  old  plants  continue  in  opera- 
ion,  and  excellent  work  can  be  obtained. 
sorting  to  the  extent  of  IG  per  cent,  has  been 
carried  out  in  a  station  of  this  type  by  pick- 
iig  out  the  valueless  class  of  reef  in  addition 
to  the  usual  quartzite  and  dyke  waste. 

We  then  come  to  the  tvpe  of  station  em- 

plo^'ing  conveyor  belts,  and  in  wliich  sorting 

and    crushing    in    two     stages    is     practi.sed. 

A'"'     ■•■'     •'-    high    sorting   percentage    pos- 

ii    a   design    ha.s     fulfilled     the 

most  Hanguine  expectations  in  this  direction, 

la'*k  of  labour  and  the  economic  fac- 

tor»  ha,'  -ly  retired  it  in  favour  of  the 

imple  <<traight  line  design  now  found  on  our 

later  plants.      Such   a   .station   with    trommel 

w^  .  t.;..,.   0f   with    washing   on    a    sharply    in- 

'irtion  of  the  .^ortiiig  l>clt  lends  itself, 

by  reason  of  nimplicity,  to  minimum  ca]>ital 

and   running  ei^x^nditure. 

One  of  the  latent  plants  provides  for  the 
wanhini;  of  all  th<>  ore  cominf;  from  the  mine, 
I  ,  railed   unsort- 

.>.i-..      .,,,,.i..    ...  high  a  pro|»or- 
or^  rnilind  as  40  j>er  rent.     Thin 
M  an  innovation  and  the  object  in  three-fold: 
6rit,    tli«             '      '«»   of    >-<      '  '     '       fine< 

(n  thr                           bins,  from 

whirh  lead*  to  decay  of  timt)«>r  and  battery 
f'        '  I      indirwilv 

' - ..;i.i(cage  through 


irregular  feed;  second,  all  material  passing 
a  A-inch  punched  screen  is  sent  to  its  most 
efhcieiit  ^riudinor  machine,  the  tube  mill ; 
third,  the  chemical  motive,  which  allo'>vs 
thorough  neutralisation  w^ith  lime  water  of 
that  portion  of  the  mine  delivery  which 
benefits  by  such  treatment.  It  is  of  interest 
to  note  that  as  much  as  15  per  cent,  of  the 
ore    milled   is    by-passed    by    this    method. 

With  the  realisation  of  the  expense  of  con- 
veyor belt  wear  and  tear,  the  readoptioii 
of  preliminary  cracking  of  large  rock  is 
being  considered  in  order  to  reduce  inciden- 
tal rough  rusage.  Also  washing  trommels 
stationed  at  the  primary  bins  are  favoured 
for  the  elimination  of  the  slushy  fines,  so 
that  no  belt  need  become  a  conveyor  of  a 
material  which,  having  the  property  of 
mobility,  is  preferably  trans])orled  by  the 
impulse  of  a  modern  centrifugal  pump.  The 
sorting  percentage  becomes  a  function  of  the 
number  of  native  sorters  and  the  amount  of 
waste  present.  This  last  depending  so  often 
on  underground  conditions  and  the  reef  for- 
mation. It  is,  perhaps,  not  ahvavs  lealisad 
that  many  mines,  owing  to  peculiarities  in 
their  payable  ore  channel,  ])resent  indi- 
vidual problems  in  sorting  which  must  be 
studied  .-eparately  if  this  im])ortant  ])art  of 
ore  dressing  is  to  be  conducted  on  nii  intelli- 
gent   and  scientific   basis. 

Regarding  cru.sliers,  which  are  taken  so 
much  for  granted,  tlio  two  standard  lv))es, 
jaw  and  gyratory,  continue  to  bold  the  field. 
That  stamping  efficiency  is  greatly  advanced 
by  careful  maintenance  of  their  wearing 
parts  and  by  close  setting  lias  always  been 
known  and  has  again  reached  the  ]>ractical 
stage  since  irangaiiese  steel  need  no  longer 
be  devoted    solely   to   armament    purposes. 

Stamimng. — The  Californian  stamp  and  its 
first  cousin,  the  Nissen,  have  survived.  There 
are  those  in  our  Society  who  hold  the  view 
that  these  will  continue  to  crush  Wit  waters- 
rand  banket  ore  at  least  during  our  genera- 
tion. Others  feel  that  improved  modern 
ball  or  tube  mill  development  will  seal  their 
doom  as  an  economical  stage  crusher.  The 
question  in  extensive  in  its  bearings  and  is 
most  important  Working  experiments  have 
recently  been  conducted  on  this  verv  point 
at  one  of  the  far  Kant  minc^  To  what 
extent  the  crusher  and  the  tube  null  '-an 
ecnnomicnily  encronrh  on  the  (Inniain  of  the 
Mlamps,  H^iueezing  it  out  of  exi-leiwe,  be- 
tween their  extended  functions,  is  a  point 
for  careful  trial  on  an  extended  working 
scale       Let     ><"    <>fTer    the    roluniiiM     of     our 
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Jotinial,   as  in   the  past,   for   the   discussion 
$kf    developments    on   this    subject. 

It  is  on  this  mining  field  tiiat  the  heavy 
gravity  stamp  has  reached  its  highest  state 
of  perfection.  The  1850  pound  Calif ornian 
stamp  at  the  Government  Areas  mill  crushes 
28-5  tons  per  24  hours  through  a  screen 
aperature  0  625  of  an  inch  square,  while  at 
New  ^lodderlontein  the  1,900  pound  Nissen 
stamps  31-5  tons  through  a  somewhat  finer 
screen. 

If  you  are  statistically  inclined,  the  size 
and  power  of  the  stamp  mills  on  the  Wit- 
watersrand  may  be  illustrated  in  various 
ways.  For  example:  if  all  the  10-stamp  bat- 
teries were  placed  adjoining  they  would 
make  one  continuous  line  extending  for  a 
distance  of  two  and  a  half  miles.  If  all  the 
stamps  were  combined  into  one  the  blow  of 
this  mammoth  stamp  would  be  equivalent 
to  a  weight  of  5,200  tons  dropping  eight 
inches   99   times  per   minute. 

The  roar  of  stamp  mills  since  the  early 
Californian  days  has  followed  the  axe  of  the 
pioneer  in  many  parts  of  the  world,  and 
whatever  may  be  their  ultimate  fate,  to 
those  of  us  who  have  spent  many  working 
hours  in  a  stamp  mill,  the  surf-like  roar  cf 
its  mauy  batteries  will  remain  impressed  in 
our  minds  as  symbolical  of  the  restlessness 
and  untiring  energy  of  the  gold  mining 
industry. 

Tube  .Miij.i.ng. — Tube  nulling  practice 
nowadays  appears  to  be  latlier  one  of  detail. 
The  tube  mills  are  called  upon  to  giind  to  a 
finer  degree  of  comminution  than  ever,  one 
plant  delivering  a  final  product  of  which 
90%  passes  the  90  linear  mesh  screen.  Good 
practice  now  demands  a  coarse  feed,  the 
new  installations  feeding  ^-incii  maximum 
size.  The  trials  referred  to  previously  ex- 
perimented with  feed  as  coarse  as  that  fed 
to  stamjjs. 

Scoop  discharges  of  varying  effective  lift 
witli  screen  openings  of  ample  size  to  permit 
free  discliarge  of  tlie  spent  pebble  are  gener- 
ally adopted  except  on  old  plants  where  the 
use  of  small  motors  does  not  permit  tiie  re- 
sulting high  ]>ower  load.  Shell  liners  of  the 
Osborn  and  El  Oro  tyjie  find  general  favour. 
Tiiese  are  keyed  and  requite  no  holding 
bolts.  End  liners  are  eitiier  cast  or  forged 
from  discarded  stamj)  mill  shoe  shanks  cr 
dies. 

No  recent  data  has  been  published  of  the 
merits  of  (he  short  C>{\.  dia.  by  16-ft.  length 
tube   in  comparison    with    the  orthodox   size, 


5-ft.  6-in.  dia.  by  22-ft.  There  are  also  a 
few  6-ft.  dia.  by  20-ft.  mills  in  operation 
whose  2)erformances  have  yet  to  be  compared. 

Since  the  trials  of  the  Giesecke  ball  mill, 
to  my  knowledge,  no  further  attempts  have 
been  made  with  steel  balls.  How  effective  a 
modern  large  diameter  ball  mill  would  be  en 
the  banket  ore  leads  to  interesting  specula- 
tion, it  should  be  recognised,  though,  that 
this  ore  is  one  of  the  hardest  and  most 
abrasive  known,  and  a  steel  ball  which 
readily  crushes  porphyry  ore  may  prove  im- 
potent on  banket.  There  are  undoubtedly 
degrees  of  hardness  and  toughness  in  the 
ore  delivered  to  reduction  plants  scattered 
from  Raiidfontein  to  Springs,  and  it  may  be 
no  idle  speculation  to  look  forward  to  the 
discovery  of  an  ore  that  will  lend  itself  to  a 
change  in  grinding  medium. 

Amalgamation. — Like  taxes,  the  ancient 
amalgamation  recovery  method  is  still  with 
us,  and  is  responsible  for  from  40  to  70  per 
cent,  of  the  assay  value  of  our  mill  feed. 
While,  with  our  system  of  classification,  pre- 
ferential amalgamation  really  takes  place  in 
practice,  the  question  arises  whether  this 
could  not  be  intensified  and  mechanical  con- 
trivance and  concentration  called  in.  The 
day  of  the  non-amalgamating  plant  and  the 
extraction  of  all  recoverable  gold  by  cyanid- 
ing  may  arrive.  In  fact  one  mine  has  com- 
mitted itself,  and  elsewhere  working  trials 
having  this  in  view  have  been  projected  and 
are  only  awaiting  o])])ort unity  and  adequate 
supi)ort.  Uudoubtedlv  the  knowledge  that 
visible  coarse  gold  is  found  in  certain  por- 
tions of  the  richer  mines  has  acted  as  a  de- 
terrent with  responsible  officials.  Aside 
from  any  technical  advantage,  the  introduc- 
tion of  a  method  which  reduces  or  eliminates 
the  risk  of  mercury  poisoning  would  .seem 
to  have  human  merit. 

CVANIDING      AND     CllEMICAL     TREATMENT. 

No  fundamental  changes  have  been  effected 
in  cvaniding  in  the  last  few  years.  Con- 
siderable experimentation,  however,  has 
been  conducte'l  quietly,  resulting  in  gains 
here  and  there.  The  practicability  of  col- 
lecting sand  and  its  treatment  in  the  same 
tank  is  well  established  at  one  of  the  most 
recently  erected  plants.  Careful  classifica- 
tion is  a  corollary.  The  importance  of  close 
classification  and  the  advanta.ge  of  fine  grind- 
ing of  the  pyritic  portion  of  the  ore  is  re- 
ceiving constant  attention  by  reduction 
officials. 

Cyanide  solution  strengths  have  been  on 
the  down   grade,    and   with    the   ado])(ion   of 
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de-aeration  of  solutions  prior  to  precipita- 
tion they  will  continue  on  this  course.  The 
saving  of  cyanide  and  zinc  resulting  from 
this  constant  pressure  of  experimentation 
with  lower  and  lower  cvanide  strengths  and 
with  improved  precipitation  technique  has 
been  considerable.  On  one  group  of  mines 
alone  it  has  amounted  to  a  quarter  million 
sterling  in  five  years. 

Precipitation  has  received  due  attention, 
and  on  some  of  the  plants  a  feed  rate  per 
diem  of  2-3  tons  of  slime  solution  per  cubic 
foot  of  zinc  shaving  in  extractor  boxes  is 
current  practice.  The  Chamber  of  Mines 
financed  extensive  trials  on  the  de-aeration 
of  cyanide  solution,  and,  resulting  from 
these,  mechanical  de-aeration  has  been  de- 
cided on  at  five  reduction  works,  of  which 
three  installations  are  in  operation.  The 
e.x]>ectation  of  direct  and  indirect  economy 
promises  to  be  fulfilled.  Interesting  details, 
it  is  hoped,  will  be  brought  forward  for  dis- 
cuiission  this  year. 

Precipitation  research  has  not  been  lack- 
ing within  recent  years;  the  margin  of  pos- 
-ible   improvement,    however,    is   small,    and 

new  prvess  calling   for  a   new   installa- 
..;i      with      heavy     capital     expenditure     is 
-everely  handicapped  by  economic  considera- 
rioDs 

Oxidising    reagents   bv   reason    of  rapidity 

of   reaction  and  expense  do  not  find    favour 

these   davM.      Their  effect   is   evanescent   and 

apt    to   be   harmful.        The   economical    and 

...  .-.,..,_..    mippiy   of   oxygen    continues    to 

.    from   free  air.      Experience   with 

'le-aeration   has   taught   us   how    readily    air 

••-i   in   <«ohilion   and    liow   watrhful    one 

';  to  prevent    thi-   at    rcrt^in   stages   rf 

the  c)'anide  prore».««. 

Vacuum   fillers   are   now   accepted    by   the 

'     '  •       '       <    M'li])- 

".   det>endincr  »o   much    lewt   than   tlie 
M  ratio  of  dilution  and 

...     ^... .ianv    inHtallation.H    niain- 

(a:ri  a  conitifttent  daily  rapacity  rate  of  'M) 
umn   dry  uliine  per   leaf 

Sur.t.rtsa  ASt*  Rr.riMNG. — No  innovation* 

}  ■■-  '  .-  I-.  ,.j  Jij  ft  .'  T-.  i„fo 

ig    on  '.vidu'i! 

inin««.     The  lnrt'»'  li'-ftii'Tv  t-nrted  near  Oer- 

"     .       for     111.- 

.  ,     It      of     llir 

ranrl    by    lh«   chlorine  procemi     i" 
iiixiiit                              I   will   no  '    .1 

mimt  III..  I. -.Ill-   -    fty  to  our  t* i- •■ 


We  hope  to  be  favoured  with  a  description 
of    its    technology    in    due    course. 

Acid  treatment  of  the  gold-zinc  slime 
from  precipitation  remains  general  practice, 
although  with  the  precipitation  improve- 
ments referred  to  this  will  possibly  be  dis- 
continued. Subsequent  calcination  and  pot 
smelting  or  reverberatory  lead  smelting  is 
the  practice  according  to  preference  or  works 
convenience.  Small  blast  furnaces  are  found 
useful  for  smelting  by-products  on  the  larger 
mines.  For  others  the  Witwatersrand  Co- 
operative Smelter,  a  most  excellent  institu- 
tion, fills  all  requirements.  The  treatment 
by  cyanide  of  the  "black  sand"  or  pyritic 
by-products  from  amalgamation  has  received 
attention  by  many  of  our  members  and  is 
well  established. 

Periodically,  schemes  for  utilising  the 
zinc  sulphate  liquor,  now  wasted,  are 
brought  forward.  Many  of  them  are  in- 
genious and  have  undoubted  merit,  and  T 
confidently  look  forward  to  an  economic 
utilisation  of  this  liquor. 

In  concluding  the  foregoing  traverse  cf 
local  metallurgy,  I  venture  to  reiterate  tliat 
sound  development  is  visible,  and  in  the 
words  of  the  young  assayer  who  found  a 
large-looking  sjjeck  of  gold  unweighable,  is 
at   least   equivalent   to  "two  traces." 

Base  Metals:  During  tlie  present  slump 
in  tlie  sale  value  of  base  metals  these  have 
been  neglected  in  the  jire.sence  of  (heir 
gigantic  gold  neighbour.  Our  Society  has 
always  been  interested  in  the  metallurgy  cf 
the  baser  metals,  and  we  have  had  intero-t 
ing  papers  in  the  past  and  look  forward  to 
others  in  the  future.  Not  many  miles  from 
lu-re  a  silver  lead  smelter  was  blown  in  only 
tlie  other  day,  that  of  the  Transvaal  SiKtr 
and  Base  Metals  Co.,  at  Argoiil.  Tin  h.is 
been  Hmelted  for  several  years  at  the  tin 
iniiips  situated  up-romit  rv,  and  thai  fas<-iMa(- 
iiig  branch  of  iiictalhirgy,  tiiat  of  roppi-i , 
liaH  been  practised  at  Mo.Hsinn  and  the  Falcon 
Minn  with  groat  activity  throughout  the  war. 
fireat  dpvclopnicnts  are  from  all  a<-counts 
taking  place  at  the  Congo  co|ip(>i-  niiiioH  in 
that  remote  and  therefore  niVHtcriou"*  region. 
UhoilpHin  bonH(!«  of  n  large  working  chrome 
iron  dcpfiHit ,  Pyrile  is  licing  iiimcrl  jn  -he 
T^ydonburp  dititrinl.  and.  after  coiiconl  ra- 
tion, i"*  »old  to  rhcniical  jilaiits  for  bolh  its 
«iilphiir    and     gold     i-onlcnt  Coiridcraldo 

anbeMtoM  and  mica  are  mined  in  .South  Africa. 
v«  t  llio  nirlhod  of  n  Icct  ion  aiul  pri'pnral  ion 
for   iho   forrii(n    mat'-'     "r   in    other   \\<>t'v 
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the  ore   dressing,    remains    a   sealed    book    to 
most   of    us. 

Industrial  Chemistry. — During  the  latter 
part     of    the    Great     War,     South     African 
chemical  industry  received  an  impetus.  Many 
chemicals  were  not   importable   and   must   of 
necessity  be  produced   in  the  country.   Arti- 
ficial  chemical    fertiliser   was     among     these. 
Bones  suddenly    loomed    important     in     the 
economy    of    food     production     as     potential 
carriers   of   the   essential    plant    foods,     phos- 
phate and  lime.      Kraal  ash   deposits   in   the 
dry    Karroo    region   were    sought    after     for 
their  comparatively  low  potash  content,   and 
bat    caves   and    mineral     phosphate     deposits 
were  prospected  for  with  the  hope  of  filling 
the  gap  in  the  supply  of  the  necessary  phos- 
phates   and    nitrates".       The     production     of 
fertiliser  is  of  national  importance,  particu- 
larly applicable  to  the  older  districts  where 
the'  chemical    food    capital  of    the   soil    must 
not  be  withdrawn  without   due  replacement. 
The      war-devastated       Somme       region       in 
Northern   France,   in   appearance   not   unlike 
a  .sweep  of   the  high    veld,   will   again   bring 
forth  its  wonderful  cereal  crops  being  under- 
lain  at   grass  roots  with  calcium  phosphate. 
The  very   mine  craters  and  shell  holes  have 
scattered     their     phosphatic     contents     over 
the    surrounding    soil,    re])lacing    that    taken 
away  in  the  form  of  food. 

Some  of  the  fertiliser  factories  of  flio 
Union  have  survived  foreign  competition, 
particularly  where  low  cost  raw  supplies  are 
available.  For  the  manufacture  of  super- 
phosphate, phosphate  continues  to  be  im- 
j)orted,  no  lime  phosphate  having  as  yet  been 
discovered.  lias  the  Government  pushed 
anv  reconnaissance  or  survey  in  this  respect? 
Has  it  found  it  hopeless  and  must  our  wheat 
production  of  tlie  future  lie  at  the  mercy 
of  imported  phospliate  ?  lias  the  arid  coast 
of  the  mandated  South-West  been  closely 
pros])ected  for  tlie  life-giving  mineral  tri- 
calcic  phosphate  ? 

In  another  field  of  industrial  chemistry, 
between  Pretoria  and  Warmbaths,  is  situ- 
ated a  trulv  interesting  deposit  of  carbonate 
of  soda.  It  is  more  ajitly  termed  a  source, 
since  the  soda  liquor  see])s  into  boreholes 
like  water  into  a  well.  A  chemical  industry 
has  been  developed  there,  employing  crys- 
tallisation processes  which  follow  modern 
lines   and   are   well   woithy   of  studv. 

Coal  of  the  bituminous  class,  with  wliicli 
Soutii  Africa  is  plentifully  blessed  and  which 
is  engaging  the  attention  of  our  captains  cf 
industry,  is  the  mo^t  wonderful  raw  chemical 


substance  produced  by  nature.  It  can  main- 
tain life  and  civilisation,  and,  by  the  known 
combination  of  some  of  its  elements  into 
modern  explosives  and  poison  gas,  can  also 
deprive  us  of  these  and  force  mankind  back 
to   barbarism. 

At  near-by  Witbank  an  experimental 
plant  on  a  working  .scale  has  been  ia  com- 
mission for  a  short  time  on  waste  coal,  and 
is  producing  a  few  of  the  many  by-products 
which  start  the  ball  rolling  on  endless 
organic  subdivisions.  The  first  produced  are 
coke,  road  tar  and  creosote,  the  beginning 
of  an  industry  of  the  first  importance  which, 
if  developed  in  all  its  creative  ramifications, 
can  render  the  countrv,  and  thereby  its 
peo])le,    inestimable   service. 

The  ceramic  industry  of  this  district,  deal- 
ing with  the  modest  art  of  clay  utilisation, 
is  one  of  magnitude,  and  produces  materials 
for  our  furnaces  of  a  quality  second  to  none 
in  the  world. 

Research. — Our  Societv  has  been  noted 
for  the  presentation  of  original  papers  de- 
scribing the  results  of  successful  construc- 
tive researches  in  pure  science  How  often 
negative  answers  are  the  reward  of  long 
patient  searching  in  laboratory  and  works 
many    are   too    well     aware.  Such     work, 

although    valuable    at    times    in     a     negative 
sense,  is  quietly  buried  in  files. 

Research  is  a  tender  plant  and  requires  a 
congenial  atmosphere.  Inspiration  and  con- 
centration are  its  companions.  Surround- 
ings, nature  of  colleagues,  past  successes, 
praise,  sometimes  condemnation,  are  also 
forces  which  circulate  its  life  blood.  Re- 
search is  said  to  be  the  occupation  of  a 
gentleman.  It  is  a  noble  calling  and  should, 
in  theory,  be  unhampered  by  financial  con- 
siderations. The  scientist  so  engaged  must 
have  imagination,  originality  in  addition  to 
knowledge,  and  his  mind  should  be  free  from 
all  outside  worries  in  order  to  be  receptive 
of  the  smallest  sign  leading  to  actual  dis- 
covery. These  often  hinge  on  the  veriest 
(rifle  nr  on  accident.  However,  if  Goodyear, 
the  inventor  of  rubber  vulcanising,  had  not 
been  engaged  in  rubber  research  for  years, 
he  would  in  all  probability  not  have  ob- 
served the  peculiar  effect  of  the  heat  on  a 
mixture  of  rubber  and  sul))hur,  fallen  by 
accident,  on  his  stove  and  thus  ])roducing 
the    first   vulcanised    rubber. 

Research  is  often  far-reaching  in  its  In- 
direct effect.  A  member  of  our  Council 
made  public  at  one  of  our  meetings,  as  a 
result  of  careful  research,  a  short  method  of 
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determination  of  oxygen  in  cvauide  solution. 
This  method  has  supplied  a  means  of  obtain- 
ing information  about  our  cvanide  plant 
solutions  which  has  proved  both  instructive 
and  useful. 

Perhaps  I  mav  be  permitted  to  indulge 
in  a  personal  reminiscence  while  on  this 
subject.  When  engaged  in  the  early  davs  of 
cvaniding  with  mv  chief,  on  the  economic 
solution  of  the  Homestake  cyanide  problem, 
to  our  dismav  the  sand  charges  refused  to 
vield  more  than  fifty  per  cent,  of  their  gold 
content.  Not  until  the  discovery  was  made 
'hat  although  well  drained  most  of  the  ex- 
traction was  taking  place  in  the  top  half  of 
the  ciiarge,  was  any  progress  made.  The 
chief  then  made  one  of  those  correct  deduc- 
tion.«.  characteristic  of  his  well-trained  mind, 
that  owing  to  the  presence  of  a  strong  oxygen 
absorbing  constituent  in  the  ore  the 
bottom  half  of  the  charge  suffered  under  a 
deficiency  of  that  necessary  element,  and 
that  to  overcome  the  then  prohibitive  ex- 
pense of  double  treatment  oxygen  might  be 
supplied  by  blowing:  air  through  the  .sand 
from  beneath  the  filter  mat.  This  proved 
to  be  sound  and  practically  spelled  success  to 
the  cyanide  treatment  of  Ilomestake  tail- 
ings. Although  ay)parently  a  small  point, 
in  its  result  it  has  been  of  the  utmost  prac- 
t'cal  value. 

The    Human    Element. — And,    gentlemen, 

Vefore    I    close,    permit    me  to   speak    briefly 

>n   the  human  element,   a  subject   in   which 

our    ~  -  has   always   shown   interest     and 

voitv-i    ■  jMuions. 

To  my  knowledge,  few  more  elaborate 
way.t  and  means  for  partaking  in  ypr.rt  and 
recreation  are  offered  to  the  employee  of  in- 
'i  '  '  •    ■      '  '      •    which 

.  ti    the 

'  i>tion   of   the   6-day    week    for  reduction 

the  n;  •'•  of  the  feven  working 

■■^    ha-     ..  ..[.jieared.      Am    a    Society 

.«»   to   promote   and  diwiiM   safety 

iir*t    and   health    mea«ure<i,    ;<•«   witiiexned    by 

t'  •         rnponium    on    prevention    of     n^iner^' 

I" 

An   a   clam   tcientists    and    fechniral    men 

■    AJthoutfh    of    no    n-enn 

>me<l   in  the  arreptance 

V  but   little  power  and 

'•   into   public   hfe  Vt;rha\w 

iiu\   f>olilical  di«inrlinn 

of   it        It    l«i   rertninly 

1   our   di«advantaee    in     thece     day*     when 

Ur»itn    throat*   and    the   reiteration    of     fnl 


lacious  shibboleths  by  phrasemongers  sway 
and  govern  the  world.  Perhaps  we  prefer 
not  to  mix  in  the  poison  gas  of  public 
affairs.  However  that  may  be.  let  us  hope 
that  our  abstinence  will  never  lead  to  the 
extinction  of  what  we  call  our  civilisation- 
It  is  held  by  thoughtful  men  that  we  have 
a  public  duty  to  perform  and  a  responsibility 
to  accept.  As  men  trained  in  natural  science 
and  disciplined  in  the  hard  school  of  facts  we 
are  expected  to  possess  that  conception  of 
duty  and  love  of  truth  which  leads  to  high 
ideals.  And  one  of  these  may  well  be  the 
stimulation  of  greater  intellectual  and 
creative  interest  in  the  every-dav  life  of 
those  performing  the  routine  work  of  the 
industries  and  processes  which  we  have  the 
honour  to  organise  and  direct.  Our  leader- 
ship should  be  an  inspiration  to  those  en- 
gaged in  the  wide  field  of  applied  science. 

We  are  expected  by  the  country  to  blaze 
the  trail  of  .scientific  and  technical  progress, 
aiot  only  by  transi)lantina:  tlie  kiiowledse 
and  the  known  processes  of  technology  to 
these  shores,  but  also  to  create  new  methods 
and    to    di.'jcover    fresli    resources. 

Prof.  G.  A.  Watermeyer  said  it  was  his 
privilege  to  ask  tliosc  present  to  join  with 
him  in  thanking  their  President  for  the  ex- 
tremely valuable  address  he  had  given.  Tt 
had  been  such  an  exhaustive  review  that 
one  could  hardly  conceive  of  anything  being 
left  out.  He  had  touched  u])on  ])ractically 
everything  that  had  taken  place  in  recent, 
years,  and  the  review  was  so  complete  that 
it  must  really  stand  as  a  cla.ssic.  It  had 
been  extremely  thoughtful.  He  had  given 
them  his  own  o])inions,  which  tliey  would 
all  be  glad  to  study  at  their  leisure.  Their 
President    deserved   their  heartiest    thanks. 

Mr.  H.  A.  White,  in  seconding,  said  th(» 
.SorH't  y  was  iiiicloulitfdlv  (o  bo  congrat  iilalcd 
u|ion  the  elorjuent  and  stimulating  ]>a])(>r 
that  had  been  read  to  them,  and  it  nuisl  en- 
courage them  in  thoir  future  work.  Their 
united  powers  should  be  devoted  tf)  ])rps« 
upon  the  fJovrrnmont  the  necessity  for  on- 
cournging  rcHcnrch  work  in  every  way,  mihI 
paving  far  more  attention  to  il  I  ban  lui<f 
1,1'i'ii    iloiii-    in    t1ir>    past . 

Mr.  Jai.  Gray  'ilso  »<upporle<l  llu*  vote  of 
thanks   Im  (Ik*    I'i>    nlent    for   hin  nddross. 

The  Prciidcnl  luirflv  exprcsod  his  tie- 
kiiowlcdgnicntH 
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COAL  PILLAR  p]XTRACT10X  FROM  TWO  .SKAMS,  AND  SURFACE  EFFECTS. 


By   William   Taylor   IIeslop,    M.I.M.E.,  F.G.S. 


The  following  notes  are  mainly  based  on 
observations  and  experiences  at  St.  George's 
Colliery,   Natal:  — 

For  the  benefit  of  those  members  who  are 
not  familiar  with  coal  mining  practice  it 
may  be  well  at  the  outset  to  consider  some 
of  the  properties  and  characteristics  of  rocks 
when  subjected  to  great  pressures,  as  in 
pillar  extraction.  We  do  not  usually  think 
of  rocks  as  subjects  for  hendiny  strains,  but 
every  miner  familiar  with  long-wall  work- 
ing knows  that  rocks  do  bend,  and  it  is  the 
property  of  bending  that  yery  largely  con- 
tributes to  the  success  of  any  long-wall 
working.  It  is  still  less  generally  known  that 
tliere  are  certain  kinds  of  rock  which  not 
only  bend  but  are  elastic,  that  is  after  bend- 
ing, if  the  stress  is  removed  they  will  return 
to    their    normal    position. 

The  other  two  effects  of  pressure  that 
require  to  be  borne  in  mind  are  cnixhiiifi  and 
shearinf/.  Soft  rocks  such  as  fireclay  and 
shales  often  offer  very  little  resistance  to 
crushing,  and  may — from  either  roof  or  floor 
of  a  coal  seam — be  crushed  and  squeezed  out 
laterally  into  the  workings  of  the  mine. 
When  this  takes  place  it  is  known  to  coal 
miners  as  "creep,"  and  when  once  it  com- 
mences it  is  very  difficult  to  stop.  A  road- 
way may  be  "brushed"  to  give  additional 
lieiglit,  and  a  fortiiigiit  later  the  operation 
has  to  be  repeated,  or  if  left  alone  in  the 
course  of  a  few  months  the  fireclay  will  be 
squeezed  from  underneath  the  pillars  until 
it  ultimately  touches  the  roof  of  the  working 
I)lace3. 

Shrarinri  takes  place  whenever  Hie 
measures  have  support  at  one  ])oiut,  and 
support  has  been  withdrawn  for  a  sufficient 
distance  from  Ihat  ])oint,  and  it  constitutes 
a  distinct  break  or  crack  in  the  roof.  In 
long-wall  working  we  largely  depend  on 
the   heiul. 

Occasionally  we  get  a  further  factor  in  (l>e 
situation,  that  is,  Inftlranlic  prcaitiirc .  With 
a  certain  amount  of  "sag"  or  bend  in  the 
strata  spare  may  be  given  for  accumulation 
of  water  and  the  static  head  may  be  concen- 
trated at  one  point  in  such  a  way  that  the 
'oof  must  break.  Tlie  avoraire  pressure  of 
the   water   would,    of    course,    ])p    no   greater 


than  that  due  to  rock  pressure,  indeed  it 
would  be  considerably  less,  but  it  may  be 
applied  actively  at  a  point,  which,  iiad  the 
rocks  been  dry,  would  have  safely  bridged 
over. 

But  in  pillar  extraction  by  far  the  most 
important  principle  which  must  be  thoroughly 
grasped  is  the  ap])lication  of  the  ranfi/ever. 
Without  the  cantilever  support  to  the  great 
overlying  rock  mass  pillar  extraction  would 
be  impossible.  The  most  liberal  of  timbei'ing 
in  the  "lifts"  is  altogether  inadequate  to 
support  the  overlying  mass  of  strata.  Were 
it  not  for  the  protecting  cantilever  the  rock 
would  sliear  down  on  to  each  "lift"  before 
the  coal  could  be  extracted. 

In  pillar  extraction  the  cantilever  is  con- 
tinually protecting  the  miner,  and  the  shear 
tendency  is  continually  trying  to  break  downi 
the  cantilever.  If  the  resistance  to  shear  is 
tniall,  tiie  cantilever  will  be  short  ;  if  the 
resistance  to  sliear  is  great  the  cantilever 
will  be  long  and  bis. 

It  will  be  evident  that  the  fulcrum  of  the 
cantilever  must  lio  at  or  near  the  coal  face. 
Witli  hard  roof,  hard  coal,  and  hard  floor, 
the  fulcrum  would  be  very  near  to  the  edge 
of  the  coal,  but  with  soft  coal,  and  generally 
it  is  comparatively  soft,  there  is  a  certain 
amount  of  crush,  and  the  fulcrum  of  the 
cantilever  may  be  a  few  yards  distant  from 
the  coal  edge — at  the  limit  ])oint  to  which 
the  crush  has  extended.  The  same  effect  mav 
take  place  with  a  soft  floor,  or  roof  subjected 
to  crush. 

In  long-wall  w^ork  the  cantilever  is  being 
continually  assisted  by  the  bending  tendency 
of  the  strata;  the  more  flexil)lo  the  rock  the 
more  cliaiice  it  has  to  bend  (h)wii,  wiflioui 
shearing,  until  it  comes  to  rest  on  tlio  ])ack- 
Avalls.  With  a  very  hard  roof  which  will 
not  bend  shearing  action  frequently  takes 
place  at  the  coal  face,  and  consequently  the 
amount  of  cantilovor  is  variable,  tliat  is.  it 
accumulates  until  it  lenches  the  shearing 
jioint,  nii(]  then  breaks  off,  niid  coninioncos 
again. 

It  will  1)0  obvious  that  tlio  exi^ton^o  of  the 
cantilever  increases  enormously  the  roof  pres- 
sure on  the  coal  face.  At  1,000  feel  in 
dejjlh   the   average   roof-pressure   is   approxi- 
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matelv  1,000  lbs.  per  square  iuch.  If  the 
weight  of  onlv  12  vards  of  cantilever  be  dis- 
tributed over  a  width  of  only  one  yard  of 
coal  face  as  fulcrum,  it  is  conceivable  that 
under  certain  conditions  the  roof-pressure  on 
the  coal  face  would  amount  to  13.000  lbs. 
per  square  inch,  or  approximately  the 
crushing  point  of  granite. 

These  preliminarv  observations  will,  I 
trust,  help  to  make  more  intelligible  some  of 
the  points  involved  in  arriving  at  the  method 
at  present  in  vogue  at  St.  George's  Colliery 
for  the  extraction  of  pillars  from  both  seams 
of  coal. 


higher  working  costs.  Later  experience  also 
proved  that  the  leaving  of  the  top  seam  in 
the  "oaf  constituted  a  serious  danger  from 
spontaneous  combustion. 

In  any  svstem  ot  working  coal  which  in- 
volves the  total  extraction  of  the  coal  seam, 
whether  bv  bord  and  pillar,  or  by  long- 
wall,  certain  trials  are  necessary  to  ascer- 
tain the  nature  and  behaviour  of  the  roof 
and  floor.  No  two  roofs  are  alike,  and  the 
characteristics  of  each  as  regards  roof  move- 
ment can  only  be  determined  by  trial. 

In  the  first  trial  a  recognised  British  prac- 
tice  that    has   been    used    extensively    in    the 


Fig.   I. 
The   Kinit>erley  Cantilever. 


T- 


'  -  Ti  is  ab<jiil  4ft.  thick,  the  bol- 
•'niiujf  about  9iri  of  carbon- 
sir*-'tim  shale,  han  a  total  thickneM.H  of  about 
oft  r,in  |{«lween  the  two  Mfanii*  there  in 
m  y»*ni  of  laminated  xandttone,  varyiiiK  in  a 
general  way  from  3ft  to  .Oft.  in  thirkneM. 
T'  i.il*'  rfK»f  of   the  upper  wain  ron- 

»;~.      ,.    .4wwiit    i7ft.    of   xhale,   and  the  over- 
lying atrata  connioto  of  from  250(1    to  .ISOft 
of   inter^>eddefl   •and«itoneM  and   nhale*.      The 
— >al  oeam*  are  lyinjf  apprniimalelv  level 

!"<  -  t<mil*d  area  of  workable  coal  made  it 

'    to  attempt    the  exirnrtiftn   of     the 

maximum    proportion     of     coal     from     ^Kith 

««am«,  although     «urh     extraction     involved 


StaffordHhire  coalfield  was  adopted.  The 
top  seam  in  a  section  of  the  niiiio  about  8 
acres  in  extent  was  blocked  out  into  ])i liars, 
and  tlu-  |)illars  totally  oxiraclcd  before 
toucliiiif;  tlie  bottom  seam.  Care  was  taken 
to  secure  total  extrnction,  and  not  to  leave 
any  xtunij))*  of  coal  whi<'li  would  press  un- 
equally on  the  lower  iieain.  A  couple  of 
year-t  were  allowed  to  elapse  before  com 
ii'eiirinif  to  work  in  the  lower  tctiiu,  iindi-r 
the  Koiif  The  cardinal  idea  n(  this  system 
in  to  allow  the  roof  to  set  lie.  and  more  or 
le«w  conNolidate.  «o  that  when  work  r«)m 
inenreM  in  the  lower  neam  the  rofif  jiressure 
will    he   more  or  les*    niiiforiii       When    work 
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was  commenced  in  the  bottom  seam  the 
places  were  driven  5  yards  wide,  and  the 
pillars  left  were  13  yards  by  25  yards  rect- 
angular. The  drives  were  all  timbered,  and 
stood  very  well  for  a  distance  within  60  to 
80  yards  of  the  working  faces.  Then  as  tlie 
working  faces  advanced  further  tlie  drives 
behind  gradually  showed  signs  of  roof  pres- 
sure. The  main  roads  were  held  after  re- 
timbering,  but  falls  took  place  in  many  of 
the   other  drives. 

Tt  will  be  understood  that  after  develop- 
ment of  the  bottom  seam  only  some  four  feet 
of    laminated    sandstone   separated    the    coal 


the  square  yard.  Fortunately  the  roof  stood 
well  in  the  "lifts"  and  rarely  gave  trouble. 
No  serious  accident  ever  took  place  either  in 
the  working  of  the  "lifts"  or  during  the 
withdrawal  of  the  timber.  The  liberal  use 
of  timber  was  an  undoubted  safeguard,  and 
also  a  real  economy,  as  breakage  was  less, 
and  it  could  be  used  again  and  again.  As 
pillar  extraction  proceeded  the  number  of 
falls  in  the  old  drives  increased,  and  ulti- 
mately over  a  portion  of  the  area  some  eight 
or  ten  ])illars  of  coal  were  sacrificed  on 
account  of  inaccessibility  because  of  the 
fallen  bords. 


Fig. 
Working  To|) 

seam  from  some  300ft.   of  strata,  broken  up     | 
by  the   ])illar  extraction   work   in   the   uj)])er 
seam. 

Pillar  extraction  was  commenced  in  the 
lower  sea-n  by  takincr  slices  of  lifts  6  yards 
wide,  and  driving  across  the  13  yards  in 
width  of  the  pillar.  Each  lift  was  timbered, 
and  as  soon  as  completed  the  timber  was 
drawn  out  and  allowed  to  fall.  With  only 
four  feet  of  solid  rock  between  the  coal 
working  and  the  upper  goaf  fear  was  enter- 
tained that  there  would  be  trouble  and 
danger  in  driving  the  "lifts,"  and  more  par- 
ticularly in  drawing  the  timber  therefrom 
after  completion.  Timber  was  therefore 
used   freely,   averaging  one  five-inch  stick  to 


IL 

Seam  Lift. 

The  notable  re.>ult  of  this  e.'<i)eriment  was 
first  that  the  "lifts"  could  be  easily  worked, 
and  secondly  that  the  development  drives 
were  difhcult  to  maintain,  and  were  costly 
in  timber  renewals.  The  roof  pressure  came 
on  very  gradually,  and  the  sandstones  ulti- 
mately sheared  close  to  the  coal  on  each  side 
of   the  drives. 

Profiting  by  this  experience,  in  the  second 
trial  the  toj)  seam  was  developed  and  the 
pillars  extracted  in  a  section  of  the  mine 
adjoining  the  boundary.  Then  instead  of 
developing  the  bottom  seam  as  before,  two 
drives  only  were  driven  to  the  boundary, 
underneath  the  top  seam  goaf,  and  then 
starting   from    the   boundary  drives  develop- 
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ment  was  coutiuued  on  a  retreating  svstem, 
and  as  soon  as  each  drive  was  completed  ex- 
traction of  the  pillars  followed  immediately. 
By  this  method  the  development  drives  had 
to  stand  for  a  much  shorter  period.  This 
relieved  the  timbering  of  roads  verv  con- 
siderably, but  there  was  still  a  good  deal  of 
trouble  in  manv  of  the  places,  particularly 
near  the  bottom  seam  goaf.  The  system  also 
was  at  a  disadvantage,  because  during  the 
progress  of  the  development  drives  going  to- 
wards the  boundary  the  two  places  were  too 
far  separated  from  the  adjacent  section  for 
economical   working  and   supervision. 


parent  that  in  order  to  secure  a  satisfactory 
system  it  would  be  necessary  to  eliminate  all 
roads  of  anv  considerable  leus:th  from  under- 
neath  the  top  seam  goaf,  because  of  the 
expense  of  timber  and  maintainauce.  In 
order  to  do  this  it  was  necessary  to  cut  away 
altogether  from  the  old  British  tradition  of 
allowing  the  top  seam  goaf  ample  time  to 
settle  before  commencing  to  work  the  bot 
torn  seam.  If  the  working  of  a  bottom  seam 
'"lift"  followed  immediately  after  the  ex- 
traction of  the  top  seam  "lift"  just  above, 
it  was  feared  that  the  falls  of  stone  in  the 
toi^  seam    goaf    would    prove     a     source     of 


Fi(,.  Ill 
lull  Scam  Lilt  Kxtract*.'<J  and   H<».\    Kaili-n. 


In  thi»  experiment,  an  in  the  first,  tliero 
wax  very  little  difTiculty  experienced  in  the 
working  of  the  "Iift«."  In  a  few  ra»eH  falls 
of  roof  ex|K>4«ed  the  goaf  of  the  top  Heam, 
xhowing  the  roof  '  '■  fairly  well  com 
l»a«'t«»d  under  the    :  <•  of   preMHiire   and 

mm  «t  lire. 

"      '  •  riK.i-    a    trial    wax    mad** 

»  ,  J'   "afii  by  long  wall,  but 

in  th«  iiub<i«<|uent   extraction   of   the   bottom 
•«•  rnealh  there  wan  ronNiderable 

ill'-  ■  i.e     Ttxif     pre<tture     wax     ron- 

rentrate^l   on   th«  long  wall    park    walln,    and 
»•*   *  uneven,  and    the    refniltn 


were 


•  I  »l      «l  r    I  '  I  4i(    I  I 


It     now     l>erame 


np 


danger  to  the  working  of  (he  boltoin  seam. 
Some  time  before  (his,  however,  the 
writer  had  vi.sited  Kimberley  and  had  (he 
privilege  of  obHerving  the  system  of  working 
in  (he  <lf>ep  diamond  mines  and  (he  prnrtionl 
appiiratinn  of  (In-  priiiciph'  «if  tlw  caiM  ilcver 
in  (he  working  of  tlu-  blue  gnniiid  lif(H. 
^Fig  I  )  From  the  oxpf-rioiu-o  gained  (lioro 
i!  appeared  poHNible  tha(  (he  risks  of  work- 
ing pillar  extraction  undprnoa(h  a  froslily 
fallen  "goaf"  in  (he  (np  seam  were  cfinsulrr- 
ahlv  overrate*!  in  I{ri(iMh  j»rar(ire,  and  that 
the  over  hang  of  nolid  rock  would  pr<)(er(  the 
lower  Mam  workings  from  excessive  and 
uneven    unnf    prenMure       A    trial    wnn    there- 
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fore  made  with  tlie  system,  which  was  uUi- 
mately   adopted   throughout   the   mine. 

The  bottom  seam  was  developed  by  block- 
ing out  into  pillars  13  yards  by  25  yards, 
the  places  driven  being  5  yards  in  widtli. 
The  top  seam  was  then  developed  in  exactly 
similar  fashion,  keeping  the  working  places 
exactlv  over  those  of  the  bottom  seam.  All 
places  were  driven  by  line  and  kept  strictly 
to  the  line  in  order  to  ensure  the  pillars  of 
the  top  seam  exactly  overlying  those  of  the 
bottom  seam.  All  haulage  roads  were  in  the 
bottom  seam  and  inclined  roads  were  driven 
up  into  the  top  seam  from  time  to  time,  and 


solid  roof  proved  effective  in  protecting  the 
working  lifts  from  excessive  roof  pressure  or 
squeeze,  and  in  nearly  all  cases  with  only  4 
feet  of  sandstone  between  the  coal  and  the 
fallen  goaf  the  roof  remained  standing  until 
the  timbers  of  the  working  "lift"  were  with- 
drawn. If  the  roof  in  any  "lift"  com- 
menced to  "work"  it  was  necessary  to  draw 
the  timber  and  abandon  the  "lift,"  and  on 
odd  occasions  a  little  coal  was  lost  for  that 
reason. 

Coal  cutting  machines  were  generally  used 
in  the  earlier  stages  of  extraction  in  a  new 
area,    in   the   top   seam    "lifts,"    but   in   the 


Fig.  IV. 
Workinp   Bottom  Seam   Lift   after  Top   Seam   Lift   lias   hoeii 

taken  out. 


a  separate  set  of  roads  maintained  in  the 
top  seam.  When  ])illar  extraction  was  com- 
menced a  lift  6  yards  wide  was  driven  for 
13  yards  across  tlie  end  of  a  top  seam  pillar 
As  soon  as  this  was  completed,  the  timber 
drawn  out,  and  roof  allowed  to  fall  in,  the 
corresponding  "lift"  in  the  bottom  seam 
was  driven.  (Figs.  II.,  HI.,  IV.,  and  V.) 
In  this  way  the  goaf  of  the  top  seam  was 
never  more  than  11  yards  (6  yards  "lift" 
phis  n  yards  bord)  in  advance  of  the  bottom 
seam.        In    practice   the    overhang     of     the 


bottom  seam  (he  amount  of  timber  used  pre- 
vented the  application  of  machine-cutting. 
As  the  area  of  goaf  increased  the  roof  weiglit 
exerted  a  certain  amount  of  crushincr  on  the 
u])])er  seam  coal,  and  rendered  coal  cutters 
unnecessary. 

In  the  bottom  seam  the  absence  of  roof 
weight  made  the  coal  liarder  to  cut,  and  the 
timbering  did  not  leave  sufficient  room  for 
the  use  of  mechanical  coal  cutters.  This 
compared  unfavourably  with  areas  wliere  the 
top  seam  had  not  been  worked,  and  bottom 


Oct.,  1921. 


rr.    r.   Heslop. — Coal  Pillar  Extraction. 


59 


<€am  pillars  were  bein?  extracted:  in  which 
case  the  crushins  effect  of  the  root  was  verv 
noticeable,  and  the  coal  worked  very  easily. 
In  one  area  bottom  seam  workings  were 
carried  for  a  distance  of  about  60  vards 
under  the  top  seam  goaf,  and  the  results 
proved  that  after  about  20  yards  the  roof 
pressure  became  excessive,  and  it  was  ap- 
parent that  the  protective  effect  of  the  roof 
cantilever  only  extended  for  15  to  20  yards 
into  the  goaf. 

The  system  of  keeping  the  extraction  lifts 
in  the  top  seam  leading,  by  not  more  than 


Cutting  out,  for  the  time,  possible  losses 
of  coal  due  to  spontaneous  combustion,  some 
1,300,000  tons  of  coal  have  been  recovered 
that,  by  working  bottom  seam  coal  only, 
would  have  been  lost.  But  if  the  coal  which 
would  have  been  lost  because  of  spontaneous 
combustion  Be  taken  into  account  the  ad- 
vantage in  coal  recovery  is  verv  much 
greater.  Allowing  a  ten-yard-square  pillar 
as  the  minimum  that  could  be  safely  left, 
under  the  conditions  of  depth  roof  and  floor 
with  no  pillar  extraction  contemplated,  a 
simple  calculation  ^hows  that   if  the  bottom 


Fig.   V. 

I'lan  ithewmK  ArrariKonieiit  of  iJio   Lilt.s. 


6  to   1 1   yard«,   wan  t}i«refore  continued  and 
proved  eminently   Hatinfadory, 

It    will    hti   apparent    fliat    the     triaN     de- 

ncrtbed  took  Ncveral   yearn  to  rompiele,     and 

•  '  of  the  rollierv'f  ex- 

,    =»eam  roal  was  narri- 
fic«d,   and   that   no  HVAtem  involving   higher 

ftl  until  the  rom- 

"-     -' •  .    '11  a  profit  earning 

Mi».  In  thi«  partu-ular  ran«  the  working 
of  the  fop  «e«m  h««  inrreaoed  the  life  of  the 
mine  by  about  50  per  rent. 


t 


Heani  only  were  worked,  and  the  pillars  left 
in.  the  percentage  of  oxl  rad  ion  would  be 
2.3  |)er  cent . 

If  bottom  Heam  only  were  worked  and  I  lie 
pillars  extraoto«J  flie  r-xtrnrtion  would  \w  hi 
per  rent,  an  against  a  j)o.H.Hiblp  oxt  rficl  ion 
taking  out  pillam  in  both  HeatUH  of  10(1  por 
renf 

Further,  if  Hi  per  ront  bo  df<lu<*led  for 
waiilr  in  working  niul  Ncreening  tlio  iibovo 
figureii  wf»iild  be  reduced  io  10  f)  per  rent., 
48  5  per  cent  .  and  Bfj  per  rent     rewppclively. 
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The  practical  question  of  costs  must  always 
have  an  important  bearing  on  the  problems 
of  alternative  metliods  of  mining.  In  tlii.s 
case  the  top  seam  was  more  costly  to  work 
because  of  less  thickness,  and  because  the 
coal  did  not  part  very  freely  from  floor  and 
roof.  Where  the  top  seam  was  sacrificed  the 
bottom  seam  pillar  extraction  was  the  cheap- 
est worked  coal  in  the  mine.  Where  the 
top  seam  pillars  were  exti acted  the  bottom 
seam  pillars  did  not  get  the  benefit  of  roof 
weight,  and  the  coal  was  consequently  harder 
to  cut,  and  in  addition  a  small  extra  amount 
of   timber  was   used. 

In  the  aggregate,  by  working  both  seams 
the  cost  per  ton  was  slightly  increased,  but 
this  was  much  more  than  compensated  by 
the  increased  tonnage  extracted.  The  life 
of  the  mine  was  prolonged  through  the  war 
period,  and  increased  profits  running  into 
six  figures  were  earned.  That  was  in  ad- 
dition to  the  elimination  of  the  dangers,  loss 
of  coal,  and  expense  of  the  goaf  fires- 
It  will  be  apparent  that  before  facing  a 
policy  of  total  extraction  both  directors  and 
manager  must  be  prepared  to  make  some 
sacrifice,  at  the  time,  for  the  sake  of  the 
future,  and  unless  his  board  of  directors 
were  pre])ared  to  squarelv  face  the  position 
it  would  be  unwise  for  a  manager  to  attempt 
■such   a   ])olicy. 

But  when  we  consider  the  two  alternatives 
as  items  of  national  jiolicv  <he  position  is 
altoorether  different.  Coal  wasted  can  never 
be  rejilaced.  The  Government  is  the  cus- 
todian of  the  couiitrv's  assets,  and  guardian 
to  the  rights  and  ])roperty  of  posterity, 
whilst  a  company  director  is  only  responsible 
to  his  shareliolders. 

Much  has  been  written  of  late  regarding 
the  waste  of  coal  in  methods  of  combustion, 
but  the  first  point  thai  sliould  be  effecfually 
dealt  with  is  that  of  waste  in  the  methods 
of  working.  It  must  not  be  assumed  that 
the  princij)al,  or  most  reprehensible,  waste 
is  in  Natal. 

In  Natal  in  manv  cases  the  extraction  of 
"both  seams  would  be  exceedingly  difficult 
and  costly.  On  the  other  hand  pillar  ex- 
traction is  now  creneral  throughout  the  Pro- 
vince whereas  in  the  Transvaal  a  start  has 
vet  to  be  made  with  any  svstematic  and 
thorough   extraction   of  coal   pillars 

In  'iowe  cases  conditions  will  not  permit 
of  pillar  extraction  bemuse  of  danger  from 
water,  or  too  close  proximitv  to  surface,  or 
too  great  a  thickness  of  coal,  but  in  other 
ta.ses  the  only  drawback  is  due  to  the  pillars 


having  been   left   too  small   to  allow  of   safe 
and  economic  extraction. 

From  the  earlier  remarks  regarding  the 
excess  weight,  when  applied  on  one  point, 
due   to   that    point   being    the    fulcrum    of    a 
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cantilever,  it  will  be  readily  understood  that 
where  small  pillars  are  left  these  pillars 
might  be  quite  adequate  so  long  as  no  pillar 
extraction  is  attempted,  but  so  soon  as  pillar 
•extraction  was  commenced  there  would  be 
excessive  weight  applied  to  the  coal  at  the 
edge  of  the  pillars  bordering  on  the  extrac-  i 
tion  area,  and  crushing  would  ensue,  which  | 
might  ultimately  traverse  the  whole  area  of 
small  pillars  and  render  their  extraction  im- 
practicable. 

In  pillar  extraction  the  question  of  sub- 
sidence is  of  some  importance,  and  in  the 
above  work  some  close  observations  were 
made. 

Where  the  bottom  seam  onlv  was  extracted 
surface  cracks  showed  at  different  points, 
but  tlie  amount  of  subsidence  after  taking: 
out  5ft.  Gin.  of  coal  onlv  amounted  to  a  few 
inches.  In  one  section  where  both  seams 
were  extracted  surface  levels  were  taken 
quarterly,  and  as  shown  in  Fig.  VI.  the 
maximum  subsidence  was  about  4ft..  and 
surface  cracks  occurred  at  frequent  intervals- 
As  the  line  of  extraction  advanced  note  was 
kept  of  the  relative  positions  of  the  goaf 
edge  and  the  surface  subsidence,  and  it  was 
found  that  the  overhang  of  solid  rock  over 
the  goaf  to<^»k  an  angle  of  about  70  per  cent. 
from  the  horizontal.  After  the  rocks  had 
ample  time  to  settle  obi^ervation  was  made 
of  subsidence  around  the  boundaries  of 
wotking.s,  in  aggregate  length  exceeding 
3,000  yards,  and  in  no  ca.se  did  the  angh 
of  break  exceed  the  vertical.  Thus  a  reser- 
vation of  2f^>{{.  wide  of  railwav  pillars  at  a 
depth  of  2r/)ft.  remained  20<'ift  wide,  with- 
out !iub<iidence  at  the  nurface,  after  9ft.  of 
coal  had  been  totally  extracted  on  each  side. 
In  another  case  where  pillars  were  left  for 
the  protection  of  a  building,  and  the  bottom 
•earn  taken  out  all  round,  the  rock  break 
took  the  direct  vertical  line,  but  Hubseqiientiv 
the  thick  bed  of  surface  clay  gradiiallv 
travelled    toward*   the   goaf    edge,   and    at    n 

di  • of   70ft     ever  the  tnlid.   and   3.50ft 

»J'  team,  lliere  wa*.   in  the  courw  of 

a^veral   year^.  a   drop  of  about    4in.    and     « 
lateral   travel  of  about   .3in 

In    1-'  '     '■    practice    I    have   obftrved    Mir 
fare    -  'in    to   eitend     over     the     i>(i'.\il 

pround    where  the   «iub-«urfAce    meaiture*   are 
wet   "and    — '      'avel,   hut    »'•    -   '       ire   jiro 
bublv      If'  with     a  ••     clnv. 

althoui;h  •«  the  deprefMJon   take«  place  ver~v' 
•lowlv.  »(   '  very  lonj*  i>erio*l, 

the  damn.'  i  or  railway  would 

h#  much  IcM  »eriou«  than  to  a  maaonrv  Ntnir- 


ture.  In  South  Africa  'faults"  are  very 
uucommou  in  coal  measures,  and  the  risk 
of  surface  depression  occurring  over  the  solid, 
on  account  of  the  falls  following  the  hade 
of  a  fault,  is  verv  small  indeed. 

The  President  said  the  Society  was  to  be 
congratulated  upon  having  such  a  paper  read 
before  it.  It  was  particularly  valuable  in 
a  time  like  the  present,  in  view  of  the  agi- 
tation for  coal  conservancy  that  had  taken 
place. 

Mr.  J.  Q.  Braidwood)  in  moving  a  vote 
of  thanks  to  Mr.  Heslop,  said  in  this  part 
of  the  world  a  paper  on  Coal  Mining  was 
particularly  interesting.  The  paper  had 
evidently  been  written  with  full  regard  to 
detail  and  to  fact.  It  was  particularly  in- 
teresting because  there  was  the  clear  possi- 
bility that  other  properties  which  were  being 
worked  in  another  manner,  as  indicated  by 
Mr.  Heslop,  might  take  the  hint  he  liad 
given. 

Mr.  T.  N.  Dewar,  as  an  old  friend  ( f 
Mr.  Heslop's,  had  much  pleasure  in  second- 
ine  the  resolution  of  thanks  for  a  most  in- 
teresting  paper.  When  he  was  in  Natal 
thev  had  the  same  problem  of  two  seams,  and 
the  importance  of  dealing  with  them  was 
not  realised  so  much  as  it  is  at  the  present 
time,  and  he  congratulated  Mr.  Heslop  en 
having  the  moral  courage  to  tackle  the  prob- 
lem as  he  had  done,  and  his  work,  in  this 
connection,  was  of  national  importance  in 
dealinij  with  a  problem  of  so  complicated  a 
nature. 


NOTES      OX      TIIK      INFTJ'ENCE      OF 

SOLUBLE      SILICA      AND      CALCIUM 

SALTS     ON     rUECll'ITATION. 


Hv     .1        ll.\V\\.M<l)     .lollNSON. 


il'mitiil    ,,,    .liniriKil,    (ht,,l,,i\     li)'2<).) 


REPLY      Tri      DI.SCU.SSIOV. 


Replying  to  the  contributions  on  llio  above 
paper,  I  am  exceedingly  ])left.''P(l  that  my 
object  haN  been  attained  in  proiiioting  n  dis- 
cn<4'<irui  and  ribtnining  sm  h  valuable  infor- 
mation from  the  members  who  so  kindly  con- 
tributed At  the  HftMio  lime  it  would  have 
Iwen  morn  (jrat  ifving  if  greater  inliMcsl  had 
l>or>n  nwinifi'Hted  by  mnn*  of  my  fellow 
ryanidern  who  had  experienced  trouble  with 
precipitation  nn<l,  am  T  hoped,  would  have 
eniimcrnled  tlu-ir  reniediex  Mn<l  thcrrhy  pro 
yoked    a    greater    diftcUHHion.      C'ontribiit ionit 
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by  the  users  of  zinc  dust  would  also  have 
been  highly  iuleresting,  especially  as  regards 
the  higlier  strength  ot  alkalinity  mentioned 
by    Mr.    Thurlow. 

Mr.  White'.s  contribution  was  most  in- 
teresting, and  ihere  is  no  doubt  that  his 
contention  to  destroy  as  much  as  possible  the 
sulphur  contents  of  the  ore  before  its  re- 
moval from  the  mine  is  striking  at  the  root 
of  a  great  source  of  the  trouble.  Unfor- 
tunatelv  the  preparatorv  treatment  of  the 
ore  underground  is  very  often  neglected  or 
the  cost  is  often  considered  too  great  for  the 
immediate  department  concerned  and  the  re- 
coverv  of  the  precious  metal  has  to  suffer. 
It  would  be  of  great  value  if  Mr.  White  gave 
more  details  of  his  experiments  in  this  sub- 
ject. The  thanks  of  the  Society  are  due  to 
Mr.  II.  R.  Adam  for  his  contribution  and 
the  experiments  he  carried  out,  which  con- 
firmed by  laboratorv  work  the  results  found 
in  practice-  His  deduction  from  the  results 
of  his  experiments  give  one  considerable 
food  for  thought,  and  it  certainly  would  give 
very  valuable  information  and  help  if  his 
suggestions  contained  in  the  last  paragraph 
but  two  of  his  contribution  could  be  further 
investigated.  It  has  often  been  remarked 
that  when  poor  preci])itation  is  occurring, 
although  the  gold-bearing  solution  is  pass- 
in<^  through  a  number  of  compartments  filled 
with  zinc,  very  little  of  the  gold  not  ])recipi- 
tated  by  ihe  first  and  second  compartments 
is  recovered  on  the  succeeding  ones,  which, 
T  think,  agrees  with  his  suggestion  "that 
there  may  be  otlier  causes  of  poor  precipita- 
tion than  the  mere  reduction  of  j^recipitation 
surface." 

Mr.  C.  Toombs  must  be  especially  thanked 
for  his  very  able  contribution.  Had  it  been 
read  as  an  original  paper  it  would,  no  doubt, 
have  provoked  considerable  discussion,  and 
I  am  sure  members  will  be  interested  and 
anxious  to  hear  the  results  of  his  further 
investigations. 

Regarding  calcium  sul])hate,  which  is 
present  to  a  very  large  extent  in  all  reduc- 
tion plant  waters,  both  Mr.  Fred  Watson 
nnd  Mr.  Toombs  mention  the  use  of  sodium 
carbonate  to  rednce  CaSo,,  but,  unfortun- 
atelv  it  is  expensive,  and  further  there  is 
alwavs  the  likelihood  of  the  precijiitation  of 
calcium  carbonate  on  the  zinc  (as  men- 
tioned by  Mr.  Toombs),  especially  wliere 
solutions  are  heated  prior  to  ]ireripitalion. 
T  believe  the  late  ^^r.  Torrent i  advocated 
ihe  use  of  barium  hydroxide  to  reduce  both 
these  lime  salts,   but    acrain   the  expeJise  was 


prohibitive.  I  believe  barium  has  been 
found  in  the  Union  of  S.A.,  and  it  may  be 
possible  to  produce  the  hydroxide  at  a  rea- 
sonable cost,  thereby  making  it  available  for 
use.  It  is  far  more  beneficial  than  sodium 
carbonate  as  it  precipitates  both  the  sulphur 
and  carbon  contents  as  barium  sulphate 
and  barium  carbonate,  which  are  practically 
insoluble  in  water  and  would  therefore  be 
innocuous. 


TREATMENT  OF  ANTIMONIAL  GOLD 
ORE  AT  THE  GLOBE  AND  PHOENIX 
GOLD   MINE,   SOUTHERN  RHODESIA. 


By   V.    E.   Robinson. 


(I'rintcd    ill     .loiinud,     JdiiiKiri/,     1921.) 


REPLY    TO    DISCUSSION. 


Owing    to   the    very    limited    discussion    on 
my  paper  I  have  little  further  to  add. 

In  reply  to  Mr.  G.  W.  Dimond,  I  would' 
like  to  state  that  tlie  only  ])lace  where  stib- 
nite  is  removed  is  from  the  sorting  belt. 
The  small  amount  of  concentrate  obtained 
from  the  canvas  strakes  is  returned  to  tl:e- 
mill  circuit  after  treatment,  so  that  the 
amount  of  stibnite  sent  to  the  cyanide  plant 
is  tlie  same  as  that  crushed  in  the  battery. 
Marcasite   is    not    present    in    the   ore. 


OCCURRENCES     OF     FIREDAMP     ON 
THE   FAR   EAST   RAND. 


By    T.    N.    Dewar. 


{Printed    in    Joiinml,    Fehnxir//,    1921.) 


REPLY    TO    DISCUSSION. 


The  discussion  has  not  been  lengthy,  but 
several  points  of  interest  have  been  brought 
forward. 

Mr.  C.  J.  Gray,  in  his  remarks,  refers  ta 
the  occurrence  of  firedain]i  in  the  Sunnier 
Deep  and  gives  a  valuable  analysis.  The 
location  of  this  mine  so  many  miles  west  of 
the  area  previously  described  seems  to  point 
to  the  origin  of  the  gas  being  in  the  lower 
shales,  for  there  are  no  overlying  coal 
mea<^ures.  The  similarity  of  the  occurrences 
at  Rand  Collieries  and  Cinderella  with  those 
described  in  the  paper  is  obvious,  as  in  each 
case  the  gas  issues  with  water  from  a  fault 
in    the   face   of   a   raise.        The   writer   is   in- 
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debted  to  Messrs.  Gray  and  Fairhurst  for 
the  details  given.  Major  Trevor  contributes 
a  useful  note  about  the  firedamp  found  at 
Gruisfontein  No.  48  at  Devon.  The  per- 
centage of  hydrogen  is  very  high,  and  ac- 
cording to  Mr.  Cunningham  Craig  had  its 
source  in  the  coal  measures,  the  dolerite  sill 
passed  through  in  the  borehole  acting  as  a 
cover  similar  to  the  sills  found  iu  the  Hat- 
tingh  Spruit  and  Dannhauser  districts  in 
Natal.  It  is  evident  that  the  few  aualvses 
made  of  firedamp  occurring  in  gold  mines 
do  not  give  anv  clue  as  to  the  origin  of  the 
gas. 

Mr.  John  Watson  quotes  some  interesting 
figures  about  firedamp  in  and  under  tlie  salt 
deposits  at   Middlesbrough,    England. 

The  writer  wishes  to  thank  those  who  have 
contributed  to  the  discussion.  If  further 
data  should  be  available  on  a  future  occa- 
sion he  will  have  pleasure  in  putting  tlie 
facts  before  members  of   the  Society. 


METHODS  USED  IN  THE  DETECTION 
AND  INVESTIGATION  OF  VITAMIXES 


Bv  E.  Marion  Delf,  B.A.,  D.Sc.  rLond.), 
F.LS. 


f'rii.U.l    in    Jnurnnl,     Apnl,     1921) 


DISCUSSION*. 


Mr.     H.    J.     Ireland  :      I        have       rarely 
f»-.i'i    -1    j).»|..r  more     interesting 

aici   valuabl*-   ii  than    that    by    Dr. 

Delf  to  this  Society.  The  problem  of  human 
'i  ■  not    M-fui   to   liave   ie<'eiv«*d    in   the 

\>..  ...::  attention  of  medical  and  .scientific 
men  thst  it  should  have  had.  partly,  no 
flniibt.  due  to  the  great  complexity  of  the 
[if  I  %-•■■  and  the  t,rfat  variety  of  individual 
"  ■»      For  many  yearn  we  have  applied 

'  Mrientifir  nx^thodii  to    increare    the 


:.i». 


carcfullv  the  l/cul  diet  for  their 

■••                 but    the  V    of    thn     human 

r.i  ,    ,       •  n  \..'i    .  ,v.  ',..  ,1. .,...; 

>illv    !ti    r 

'  War  the  («o%'rrnnient 


!■  i 

>'■■  •  I  Ihrir  e-«litralion  of  foo«l  valur  •  rhi«»f1 


on  Its  calorific  value;  so  much  were  calorics 
iu  evidence  that  a  scientific  friend  facetiously 
remarked  to  me,  "Why  not  drink  a  pint  of 
paraflttu  oil  ?" 

In  view  of  these  mistakes  in  the  past  it  is 
refreshing  to  read  Dr.  Delf  s  paper,  which  is 
so  full  of  scientific  facts  and  vital  informa- 
tion. 

The  methods  used  for  the  investigation  of 
vitamines  are  particularly  interesting  and 
something  of  a  revelation  to  me,  though  1 
have  been  interested  in  the  subject  for  somp. 
years    and    read    several    articles    on    it.      A 

I  point  of  considerable  practical  importance 
mentioned    by    Dr.    Delf    is    the    destruction 

,  of  vitamines,  patricularly  the  antiscorbutic, 
in  cooking.  This  point  is  elaborated  in  an 
article  by  Dr.  Delf  in  a  recent  issue  of 
"Science  Progress"  (April,  1921),  where  also 
I  observed  the  interesting  statement  that  in 
a  vegetable  like  the  cabbage  the  antiscorbutic 
vitamine  is  found  in  the  outer  green  leaves, 
but  is  practically  non-existent  in  the  white 
heart-  I  suppose  the  sun's  rays  are  a  factor 
in  producing  this  vitamine.  In  connection 
with  the  cooking  of  foods,  about  twentv 
years  ago  I  read  some  articles  whicli  advo- 
cated the  eating  of  fruit  and  vegetables  raw, 

;  the  theory  advanced  being  that  the  vital 
energy  of  the  uncooked  food  was  transferred 
to  the  person  wlio  ate  it.  Probably  these 
advocates  had  some  basis  for  tlieir  opinions 
in  practical  experience,  though  their  ex- 
planation was  no  doubt  unscientific.  (^ne 
finds  a  great  similarity  in  the  prece])ls  con- 
tained in  a  recent  l)ook  bv  Dr.  A.  Wliite- 
Robertson  called  "I^Iect  ro-Pathology," 
where  the  author  advocates  the  eating 
of  "f|uick"  foods,  i.e.,  foods  which  are  quite 
fresh  and  uncooked;  the  reason  given  in  this 
case  is  that  when  animal  or  vegetal)|p  foods 
hpconi<>  stale  or  cooked  the  cells  lose  their 
elect riral    proj)erlies    and    dcteiinralo.  lie 

seems  to  connect  in  some  way  the  juoixMt  ic;< 
of  the  vitanniips  with  electrical  and  elrct  ro- 
chemical  projjerties  of  the  food  cells  and  tlio 
rolls  of  the  b<idy   which   ingest.s  it. 

I  have  the  inipres.xion  from  some  nrlicle- 
which  T  have  read,  but  nnforl  iinalrly  have 
no  notes  of,  that  where  the  <liel  cdnfists  f)f 
Inrfre  «|iianlitieH  of  rarbo-hydi ntes.  there  in 
a  Krealer  tendfMwy  to  •(••iivy  <in<l  tickets.  I 
•vonld    like   to   a^k    I)r     Delf    if   thi'    is   ^n 

I  trust  that   siK-h   infoi  nnilion  as   Dr     Dolf 

hnii  given  uh  will  noon   he  incrjiporntrd   into 

''      '  ''  lie  Kcononiv,"  "('(tok 

I    .  !  •  .       «'lc  .    in    tcliools    an<l 

rninini;  in  and  thai    it    will   have    a 
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profound  efiFect  upon  the  diet  of  our  Hos- 
pitals, Sanatoria,  and  Public  Institutions 
where  the  diet,  though  excellent  in  many 
respects,  is  usually  sadly  lacking  in  foods 
containing  the  necessary  vitamines  and 
organic  salts. 

I  trust  also  that  the  subject  of  the  vita- 
mines  will  not  become  merely  another  medi- 
cal fad,  be  run  to  death,  and  then  be  for- 
gotten for  a  generation.  It  seems  to  me 
there  is  a  danjjer  of  it  beinor  divorced  from 
the  general  subject  of  dietetics,  interest  in 
it  being  developed  to  the  exclusion  of  other 
factors,  such  as  the  need  of  certain  salts, 
etc.  I  have  an  instance  in  mind.  A  person 
may  have  a  disease  or  diseases  which  tend 
to  decalcify  the  blood ;  this  person  may  at 
the  same  time  require  food  containing  a  good 
deal  of  antiscorbutic  vit amine,  and  for  this 
reason  a  liberal  supplv  of  lemon  juice  may 
be  prescribed,  with  disastrous  results.  The 
subject  of  dietetics,  perhaps  more  than  any 
other,  should  be  "seen  steadily  and  seen 
whole." 

The   meetins:  then   terminated. 


Contributions  and  Correspon- 
dence. 


WASTE  ROCK  IN  ORE  MILLED. 


By  W.    A.   Caldecott,    D.Sc. 


From  tlie  mining  and  sorting  aspect  the 
subject  of  waste  rock  has  been  discussed  in 
past  years  by  various  members  of  this 
Society,  and  notably  among  others  by  the 
late  Wager  Bradford.'  In  this  short  note, 
however,  I  merely  propose  to  submit  a  few 
observations  upon  the  effect  waste  rock  pro- 
duces in  practice  upon  the  capital  and  oper- 
afing  cost  of  ore  treatment  ])lant,  and  upon 
the  methods  employed   therein. 

In  considering  this  subject  it  is  obviously 
of  tlie  first  importance  to  be  able  to  readily 
determine  witli  approximate  accuracy  the 
pprcpntage  of  waste  rock  in  the  mill  ore  feed 
or  .screen  sample.  Apparently  the  sim])lest 
method  of  ascertaining  this  is  to  determine 
the  relative  amounts  of  some  common  con- 
stituent, which  exists  in  different  propor- 
tions in  tlie  clean  reef,  waste  and  current 
screen  sam])lr,  and  which  by  a  simple  calcu- 
lation afford.'^  the  required  figures.  For  this 
purpose  in  the  first  instance  Messrs.  Jollv 
and  Otithrie  kindly  carried  out  for  me  a 
number  of  fle<prminations  of  the  amounts  of 


:ilica  ill  the  above  materials,  but  the  high 
silica  content  of  quartzite  waste  precluded 
a  satisfactory  differentiation  between  quartz- 
ite and  clean  reef.  Alumina  was  considered 
but  not  proceeded  with,  as  being  inapplicable 
to  quartzite  and  involving  a  somewhat 
laborious  analysis.  Mr.  A.  McA.  Johnston 
made  relative  sulphur  determinations,  from 
which  the  pyrite  could  be  calculated,  and 
this  proved  more  satisfactory,  but  finally 
gold  was  adopt'ed  as  the  basic  factor  on 
account  of  much  assay  data  being  regularly 
available  on  every  mine  as  to  reef,  waste  and 
screen  values,  without  any  additional 
analytical   operations. 

The  formulae,  based  on  assay  values,  for 
calculating  the  relative  amounts  of  clean  reef 
and  clean  waste  in  the  ore  milled  are  derived 
as    follows:  — 

Since    100  X  A.  v.  Screen  Sample  = 

(Percent  a  ire  of  Reef  X  A.  V.  Reef)  -f  (Percentage  of  Waste 
X  A.  v.  Waste) 

Then, 


(a)  Percentage  of  Reef  = 

(1))  Percentage  of  Waste  = 

(c)  Tons  of  waste  milled  ) 
iwr  ton  of  reef  S 


100  (A 

v.  Screen  — 

A.  v.  Waste) 

A. 
100  (A. 

V.  Reef  -  A 
V.  Reef  -A. 

V.  Wa«te 
V.  Screen) 

A.  V 
A.V 

.  Reef  -  A. 
Reef  -A.V 

V.  Waste 
.  Screen 

A.  v.  Screen  —  A.  V.  Waste 


K  samples, 

(a)  Percentage  of  Reef 

(b)  Percentage  of  Waste  = 

(c)  Tons  of  waste  nulled  ) 

per  ton  of  reef  ) 


100  (lOdwt.-  1  (Iwt.) 


=  33.3  % 


28  (Iwt.   -  1  dwt. 

100  (2Hilwt.—  lOdwt.)  . 

28  dwt.  -  1  dwt.       "^  ^^■'  * 

28  dwt.  -  10  dwt. 

-  2  tons. 


10  dwt.  —  1  dwt. 

It  does  not  appear  usual  for  the  published 
reports  of  gold  mining  companies  to  state 
the  average  value  of  ilie  clean  leef  in  ore 
reserves,  except  for  develo])ment  records,  but 
merely  to  give  the  average  value  over  a  given 
stoping  width  or  reef  channel-  Hence  an 
assumed  illustration  has  been  given  as 
above,  in  which  case  two-thirds  of  the  total 
tonnage  mined  would  be  a  source  of  loss 
rather  than  of  ])rofit  through  the  cost  of 
underground  and  surface  operations,  besides 
involving  mucli  capital  expenditure  on  plant 
and  equiimienl.  It  is,  of  course,  obvious 
that  (he  ideal  of  mining  and  milling  clean 
reef  only  is  impracticable,  and  the  degree  of 
ap))roacli  to  this  ideal  is  mainly  in  the  hands 
of  the  mining  man,  who  can  best  determine 
wheilier  any   modification   of  present  mining 

'  Proc.  S.A.  Association  of  Eiijiinocrs.  Vol. 
IX..  Sept.  .30.  inn.1.  nj).  Gl-86.  So(-  also  C.  O. 
Scliniitt.  this  .lounial.  ii.  4G4.  Vol.  XI..  .\i)ril, 
1011;  H.  M.  Thomas,  tlii.s  .Journal,  p.  140.  Vol. 
XI.,   Sei)t.,    inid:  JiiKJ  C.   K.    Mover,   this  Jour- 

n,ii.  p.  JO.  Vol.  XII..  Aiiiriist.  inn. 
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practice  towards  the  desired  end  is  possible. 
Surface  sorting  is  not  practised  upon  some 
half  of  the  mixture  of  reef  and  waste  hoisted 
owing  to  its  passing  the  grizzlies  as  "fines," 
so  that  any  radical  improvement  appears  to 
depend  upon  the  application  of  mining 
methods  which  would  reduce  the  percentage 
of  waste  rock  mined  and  mixed  with  the 
reef,  and  thus  facilitate  the  most  efficient 
and  profitable  ore  treatment. 

Reverting  to  the  specific  example  given 
above,  and  assuming  95  per  cent,  extraction 
for  the  10  dwt.  mill  ore  feed,  the  total 
residue  after  cyaniding  would  be  0  5  dwt. 
per  ton.  As.  however,  it  is  assumed  that 
two-thirds  of  the  total  tonnage  milled  is 
i  dwt.  waste,  the  residue  from  the  clean  reef 
would  be  about  1.3  dwt.,  which  mav  be  con- 
sidered to  be  considerablv  above  the  economic 
limit  of  extraction.  Assuming  that  the  gold 
in  the  reef  were  sufficiently  exposed  bv  finer 
cru.shing  to  yield  a  residue  of  half  the  above 
amount,  or  0.65  dwt.  per  ton,  the  net 
result  would  be  that  about  2,9  worth 
more  gold  at  mint  par  per  ton  of  reef 
would  be  recovered.  When  the  waste 
i3  largely  slate  as  on  the  Far  East  Rand,  the 
readiness  with  which  it  is  crushed  bv  stamps 
and  tube-mills  produces  a  marked  eflfect  on 
-famp  and  tube-mill  duties,  and  is  liable  to 
ob-^ure  the  behaviour  of  the  rich  banket 
reef  proper,  besides  in  some  cases  overload- 
ing the  ore  treatment  plant  to  the  detriment 
of  the  ader{uate  treatment  of  the  really  valu- 
able ore.  Apart  from  its  effect  on  the  eco- 
nomic limit  of  cruxhing,  the  most  favourable 
'    ■   '  •■on  of  crushinr  "•  unavoidably  in- 

in    the   ore   L  h    when     suiplus 

TUiihing  and  treatment  plant  already  exists, 

'I  ''  1^   with   the  whole  would   vield 

Off  •     _  -i    .save   sorting  cost. 

It  is  obvious  from  the  equation  above  that 

the      "creen      value      of      the      ore      milled, 

Jr,  f.Ktifijf     tul>e-mill     |»*!bbIeH     is    a.s    much 

1   by  ^He  percentage  of  wa.ste  included 

in  the  screen  sample  as  by  the  gold  contents 

•'  ■  ■      -■    '       The  u.sual  bawi.s  of  com- 

[>er  Ion  of  ore  crushed 
III  an  imperfect  f^uide  tn  maximum  profit,  ah 
if    flrnfn    n'-'        "  ■ 

of    «ra«le     r  .         , 

r^^f*  A  b-'iM'  ii' h  M  «rorlcin((  citnin  per 
I'ifi   "f    ,-i/»ii.i|    r.  I  •    'ri  Vi'l    •    ::^'hl    Kc   jirefer- 

t(  '"      IS    at     prt-Miit     it     iM    poHftible    that    a 

y'n  total  profit   mav  be  «rnnl«»r  with 

hiifher  workinif  rir>tn   |)#r  ton  i    on   a 

'^    --     -  •  •   '      *     -        '  M..n  with 

<•   mill  ore 
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CHEMISTRY 

.\x.\LVSis  OF  B.ABBiT  Met.al. — "One  g.  of 
filings  is  dis.solved  in  :io  c.c.  of  strong  sulphnric 
acid.  After  cooling,  o  c.c.  of  strong  liydro- 
cliloric  afid  and  lod  c.c.  of  water  are  added 
and.  after  standing  tor  1  lir..  tlie  lead  snlpiiate 
is  collcfted  in  a  (ioocli  crncilile.  w  asiied  with 
dihite  snlpliiiric-  acid,  then  with  water,  dried, 
ignited  at  a  dull  red  heat  for  J  hr..  and 
weighed.  The  antimony  in  the  filtrate  is  tleter- 
ined  hy  titration  with  potassimn  l)roniate, 
nsing  methyl  orange  as  indicator.  Tlie  tiltratod 
solntion  is  redn<ed  hy  ))oiling  tor  '20  niin.  with 
((.o  g.  of  antimony  and  U)  c.c.  of  strong  hydi-o- 
cldoric  acid,  cooled  in  a  current  of  carhon 
fiioxide.  and  tiie  tin  titrated  with  tlie  sanu' 
hroniate  solution,  using  potassium  iodide  and 
starch  as  indicator.  The  reduction  iiuiy  also  he 
effc'cted  hy  adding  !)  g.  of  zinc-  and  40  c.c.  of 
hydrochloric  acicl.  5  c.c.  at  a  time,  while 
passing  carbon  dioxide.  When  all  the  metal 
is  dissolved,  the  solution  is  titrated  as  hel'ore." 
— H.  C.  RiiKii-MKit,  .1.  R.  (ioitnoN  and  ('.  W. 
Sl.M>IONS,  Ciiiiml.  Chrm.  ./..  licjd.  I.  17l-I7.'t. 
J.S.C./..   January    lo,    litL'l.    p.    1Ia.      (.\.\V.) 

>'<ll.r.MKlI!I(  K.STIMAIION  OK  RolANSllM  .\NI» 
ITH      AlTI.Ir.VTION     TO     TIIK      ANM.VHIS     OK      KkIITII.- 

IHKKK. -'".'.'j  r.e.  of  a  'i",,  potassium  chloride  cr 
siilphiito  solution,  e(|uivii!ent  to  l.'Jfi  or  |.(|S",, 
K^O,  is  mudf  up  to  !.')(» — 2(M»  c.c.  in  an 
Krleninc'vcr  flask,  the  lirpiid  heing  then  treated, 
slowly  ntid  with  stirring,  with  oO  c.c.  of  2.V 
tartaric  acid  solution  and  2')  r.r,  of  .V/'J  sodium 
li.ydroxidc  solution.  The  flask  is  shaken  tor  ."> 
n.ins.,  '.'*)  c.c.  of  f»(J".,  alcohol  heing  added 
■luHlly  duriiiK  the  hlmking.  After  standini: 
(\~  H  hrs.,  tlio  clear  Ii(iuid  is  filtered 
through  a  9  cm.  hnrium  Kulphate  filter  paper 
niid  the  |)nv  ipitnte  wimhed  !l  tinn-s  hv  decanla- 
tion  Mith  neutral  !M1  ,  alcohol.  The  filler  i.aper 
•••     '  '     from     the    funnel,     used     lo    ifeia(h 

«"'  !""  of    precipitate    from    the    ro<|.    and 

tliei,     ti.llodined     into     the     precipitiitioli     vess..| 
A    .V    I'l    •.MJiiiioii    of    sodium    hydroxide    in    (id  ■ 
alcohol    I.   added    linlll    the  conlelils  of    the    vessel 
iHcnnie   nlknline   t4i   pliciiolphtliMleiii,      The    iiink 
rtilniir  of  tlii<  liipitd  should  not  disappear  within 
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o  mills.,  at  the  end  of  which  time  the  precipitate 
is  dissolved  in  aqueous  .Y/K)  sodium  hydroxide 
solution,  the  excess  of  which  is  determined 
hv  titration  with  -\  / 10  hvdrochloric  acid. 
Multii)ii(ation  hv  000471  of  the  number  of  c.c. 
of  sodium  hvdroxide  required  to  dissolve  the 
bi-tartrate  gives  directly  the  amount  ot  K^U 
present.  With  commercial  potassium  chloride 
and  sulphate  this  method  gives  good  results."— 
G  A.ION.  Ciorn.  Chun.  1  nd.  AppL,  1920,  2, 
499—426,  J. S.C.I.,  January  15,  1921,  p.  21.\. 
(A.W.) 

SKrAKATION        OF        MkTAI.S        OF        THE         SkCOND 

GitoiT.— "The  mixed  sulphides  are  lieated  with 
ammonium  carbonate  solution,  and  filtered;  the 
arsenic  alone  is  dissolved.  Tiie  precipitate  is 
then  dissolved  in  hydrochloric  acid  with  the 
addition  of  pota.ssium  chlorate,  the  solution 
diluted,  cooled,  and  filtered  to  remove  the 
greater  part  of  the  lead  chloride.  The  filtrate 
is  neutralised  with  sodium  carbonate,  sodium 
hvdroxide  is  added,  the  mixture  boiled,  and 
filtered.  Mercury,  l)isniuth,  copper,  and 
cadmium  remain  in  the  insoluble  precipitate, 
whilst  tin.  antimony,  and  the  remainder  of  the 
lead  pass  into  the  filtrate.  The  precipitate  is 
dissolved  in  hydrochloric  acid  and  the  solution 
rendered  ammoniacal :  mercury  and  bismuth 
are  precipitated  and  these  two  metals  are  then 
separated  and  identified  by  the  usual  methods 
and  tests,  as  are  also  the  lead,  tin,  and  anti- 
mony."--. G.  G.  TiON(;iNKS(  u  and  G.  P.  Thko- 
noiiKScr,  Jiiil.  Sri.  .\((i(l.  Jlmnndinc.  1920,  6, 
l.",9— 164,  June  15,   1921,  p.    116a.     (.\.W.   ) 

Mkthou  foh    P.Arii)   .\nai,v.sis  ok  (iuAi'mrE. — 
"The  following  method  is  used  at  the  Pittsburgh 
Laboratory    of   tlie    U.iS.    Bureau    of    .Mines: — If 
much    nangne    is   present   the   samidc    is   ground 
to   pass   tlirnugh    a    60-niesh    sieve.      Afoisture    is 
determined     by     heating     1     g.     in     a     weighed 
platinum  or  porcelain  crucible,  I  in.  deej)  by  1£ 
in.  wide,  for  1  hr.  at  105°  C.      The  crucible  is 
cooled   in   a   desiccator  over  sulphuric  acid   and 
the    loss   of    weight    noted.      Volatile    matter    is 
tletermined    by    heating   the   dry   grai^hite    for   3 
mins.   in  a  inufHe  furnace  at  800°  C,  cooling  as 
before,    and    noting   the   loss   of   weight.      Ash    is 
deti-rmined    l)y   heating   the   non-volatile   residue 
at    S((0°   ('.    until    all    the     graphite     is     burned 
awav.       (iraphitic  carbon  is  taken  as  the  differ- 
ence   between    the    sum    of    the    percentages    of 
moisture,    ash,    and    volatile     matter     and     100. 
(Jraphitic   carbon    in    an    ore    is    determined    by 
heating   0-2 — l-O   g.    in    a    100    c.c.    evaporating 
dish  witii  25  c.c.   of  hydrochloric  acid   (1:1)  on 
a   lir)t     plate  for   15   min.,    filtering   the  residue 
with    hot   water.        The   filter    and    residue     are 
transferred   to  a   porcelain     or    i)latinum     boat. 
dried   on   a    liot   i)late,   transferred   to  a   combus- 
tion   tube    (containing    fused    lead    cliromate    to 
retain   any  sulphur   i)rcsent),    and    burned    in   a 
stream   of  oxygen.     The  carbon  dioxide  formed 
is    pa.ssed    into   a    weighed    pota.sh    bulb   contain 
ing   30",,    postassinm     hydroxide     solution     and 
weighed.       Graphitic  carbon   is  determined   in   a 
concentrate  by  placing  02 — 0-5  g.  of  the  sample 
in    H   small    l'>lenmeyer    Hask.    adding   about   25 
c.c.    of   ether,    corking    loosely,    and    allowing    to 
stand  for  J  hr..  shaking  at  intervals.     The  mi.x- 
tiire    is    filtered    througl;    ignited    asbestos,    the 
residn«^  washed  with  alc«)hol  and  distilled  water, 
then    treated    witli    acid    to   remove   carbonates, 


and  the  determination  continued  as  described 
for  ores  "— G.  B.  Taylor  and  W.  A.  Selvig, 
U.S.  Bureau  of  Mines,  Bull.  112,  1920,  43—45, 
J.S.C.I.,  February  15,   1921,  p.   79a.     (A.^\  .) 

Gravimetric  Determination  of  Bismuth  as 
Phosi'hate. — "The  cold  bismuth  solution,  con- 
taining nitric  acid  but  no  chlorides,  is  treated 
with  ammonia  until  a  slight  permanent  precipi- 
tate is  obtained;  2  c.c.  of  concentrated  nitric 
acid  is  then  added,  the  solution  boiled,  and  10% 
cliaminonium  phosphate  solution  is  added 
slowly.  About  40  c.c.  of  the  phosphate 
solution  is  required  for  0-2  g.  of  bismuth, 
60  c.c.  for  0-4 — 0-5  g.  The  mixture  is  diluted 
to  400  c.c.  with  boiling  water,  the  precipitate 
collected  after  15  mins.,  washed  with  hot  3% 
ammonium  nitrate  solution  containing  a  few 
drops  of  nitric  acid  per  litre,  dried,  and  ignited 
gently.     The  weight  of  BiPO|X0-6H65  gives  the 

weight  of  V)ismuth.  The  method  ma.v  be  applied 
to  the  anal.'vsis  of  ores ;  the  bismuth  is  separated 
from  lead  by  precipitation  with  iron  wire  (</. 
J.,  1900,  389).  copper,  arsenic,  and  antimony 
are  seiiarated  by  extraction  of  the  sulphides 
with  sodium  cyanide  and  sulphide,  and  the  bis- 
muth sulphide  is  converted  into  phosphate. — 
W.  R.  Schofi-ler  and  E.  F.  Waterhouse, 
Analyst,  1920,  45,  43.5—439.  J.S.C.T..  January 
31,   1921,  p.   64a.     (A.W.) 

Action  or  Lime  on  Greensa.nd. — "In  the  last 
few  years  a  great  deal  of  work  has  been  done 
on  tlie  extraction  of  potash  from  various  min- 
erals, such  as  feldspar,  leucite,  mine  tailings, 
greensand  or  glauconite.  etc.  For  the  pur- 
pose of  liberating  the  potash,  treatment  with 
lime  or  with  a  mixture  containing  lime  has 
been  employed  rather  extensiyeiy.  The  author 
describes  the  process  used  at  a  small  manufac- 
turing plant  utilizing  greensand.  He  also 
describes  research  conducted.  The  process  in 
outline  consists  in  heating  a  slurry  made  from 
1  part  of  finely  ground  greensand,  1  part  of 
quicklime  and  5  parts  of  water,  in  a  digestor 
for  about  1  hour  at  a  temperature  around 
470°  F.  and  under  sufficient  pressure  to  keep 
the  water  in  the  liquid  phase  or  at  about  500  lb. 
pressure. 

"The  chief  reaction  which  tikes  place  i ; 
that  of  the  lime  upon  the  green.sand,  which 
liberates  the  potash  in  the  form  of  a  very  pure 
caustic  potash  and  produces  a  material  high 
in  lime  content  possessing  cementitious  and 
liming  properties. 

"An   analysis  of  typical  greensand   is  given: 

Silica    (SiO.)    49-8  % 

.Vlumina    (Al„().,)    9-8  % 

Iron    (Fe.,03)'  .'. 18-0  % 

Lime    (CaO)    0.9  % 

Magnesia  (MgO)   7-7  % 

Potash  (K.,0)    7.4  % 

Soda    (Xa.,b)    0.4  % 

Sulphuric" Acid  (SO.,)  ...  0-24% 
I  Plio.sphoric  Acid  (P.O.)  ..  0-25% 
I  Ijoss    on    ignition     5-6  % 

"The  addition  of  various  salts  such  as  .sodium 
nitrate  and  calcium  chloride  are  recommended 
for  the  purpose  of  accelerating  the  reaction  and 
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to  convert  the  KUH  into  other  potassium  com- 
pounds."— R.  NoRRis  Shereve.  Journal  of  Ind. 
and  Engiiipering  Chemistry,  August,  1921, 
p.  69.3.     (F.W.) 

CHE3USTRY       IX       ReI.-VTION       TO       THE       FCTURE 

Supply  of  Liqod  Fuel. — "The  author  comments 
upon  the  future  shortage  of  motor  fuel  from 
-ubterranean  sourc-es  and  states  that  the  supply 
will  have  to  c-ome  from  a  vegetable  and 
replaceable  sourc-e  such  as  cellulose.  At  present 
the  manufacture  of  alcohol  from  waste  wood 
products  by  the  acid  process  is  a  practical 
proc-ess.  but  does  not  produce  a  high  efiBciency 
yield  or  a  cheap  fuel.  To  fulfil  this  desideratum. 
chemical  proc-esses  carried  out  by  micro- 
organisms are  suggested.  Boulard  in  France 
has  rec-ently  investigated  with  success  the  pro- 
duction of  alc-ohol  from  starch  by  the  action 
of  certain  alcohol-producing  fungi.  By  the 
action  of  the>e  new  agents  it  is  claimed  starch 
may  be  converted  directly  into  alc-ohol.  although 
in  practic-e  it  has  been  found  better  to  use  the 
fungi  for  converting  the  starch  into  sugar  and 
thf-n  to  ferment  the  latter  with  yeast.  Much 
Intrher  yields  are  claimed  than  where  the 
sa*  (harification  is  effected  by  acids  or  by  malt. 

"Pringsheim  has  been  able  to  show  that  there 

is    an    analogy     between     the     fermentation     of 

"Ttain    carbohydrates    such    as    maltose,    cane 

ir.     starch,     dextrines,    etc.,    and     that     of 

■  •-•inilose.       In    the    former    cases    fermentation 

take>  place  in  two  stages  in  which  two  different 

groups  of  f'  -   play  an   active  role.      These 

ar»'    tb<>     'i  ic"     and     fermenting    types, 

•ely.        Tlie     former     bring     about     the 

f  lie    conver.'iion    of    the    maltose,    starch, 

'lt\trine«.    eU-.,    into    glucose,    while    the    latter 

iiidufe   fermentation    of   this   with    formation   of 

alcohol.     .Similarly  under  the  action  of  certain 

f,.,.. ,...,,        a-s-sociated       with       specific       mi<ro- 

is    found    in    horse    manure,    river   mud. 

se    in    f*)nverte<l    into   glucose.      The 

i«  brr»ii(;bt    tt^uutt    by   the   action   of 

whifli  con- 
I'nder  the 
action  ol  the  He<-ond  ferment  "<-ellobiase," 
the  (<-llobirM«  in  converted  int<»  glucose." — 
H  MM(  1.  HiRHKRT.  Jnurn.  of  Indiitfrinl  mid 
l.i.'Hi.ttrttui  thrmiMtru,  Sept^mlier.  1921.  n. 
tl.     (FW.) 


.,,1, 
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H^i.T      .MA.vi-FAi-rrRp.     in     .Mi<  iiigan.  —  "The 
Ilia  I II   hctj  of  i\\t>  nalt   formation   in  UMUally  pure 
I,.    ^..~\_    ii,l«,    high    grade    Kalt    with    a 
irv  treatment.  Since  the  natural 
■<    r'x  K         '•       .11    artificial    brine    Iiuh    t<j 
riv«T    wnter    down     the 
A    typical 
'  i  inch.  cuNing 
li  r,f  7H()  fiH.t. 
'Ugh    altvrrmU' 
■  »»    of     oalt    Mnd     li  to    a    depth    of 

'    '•••'  In    paMin.t.     ..,i.,iigh    the    nalt    no 

*t\.      \   central    line  of    tubing   go<>ii 
•<  i'ttn   of    f'  'I        Welln    lire    iikiinlly 

'      with     di  water     tlironj'b      tlif> 

l»ie  t.  ,,„J 

M    •  t|„. 

■'    ••*'••  DM    Mir    liii    iie«M| 

"'I'l    '  li    .|.l.n.r«    water 

I n   itLMfn 
..,    .-. ..«,,.     .  .itinef-t**'!    at 


the  bottom  the  water  may  be  pumped  into  one 
well  and  brine  obtained  from  the  other.  At 
one  plant  it  was  estimated  that  tiie  cavity  was 
so  large  that  three  years  elapsed  between 
pumping  in  water  and  receiving  the  same  water 
as   brine. 

''The  brines  are  so  pure  that  the  usual  pre- 
liminary treatment  is  merely  settling.  There 
is  an  odor  of  liydrogen  sidphide  in  tlie  brine 
as  it  comes  from  the  wells.  Tliere  is  little  or 
no  iron  present.  From  the  wells  the  brine, 
which  is  a  saturated  solution,  passes  to  storage 
tanks,  where  lime  is  sometimes  added ;  thence 
to  grainers  or  crystallizers.  The  storage  tanks 
are  made  of  timber  held  together  by  pins  and 
wedges,  no  iron  entering  into  the  construction. 
The  usual  form  of  grainer  is  a  steel  trough 
l-5()  ft.  long,  1(1  to  lo  ft.  wide  and  22  in.  deep. 
In  it  are  hung  steam  pipe>  and  brine  is  evapor- 
ated without  boiling.  For  removing  the  crys- 
tallizetl  salt  from  the  grainers,  rakes, 
imparting  a  forward  movement  to  the  salt, 
are  used.  The  delivery  end  is  sloped 
up  at  an  angle  of  about  30°,  and  the 
sale  is  pushed  up  on  tiiis  sloping  drain 
board.  The  speed  of  tiie  rake  allows  the  salt  to 
drain  before  it  fails  into  a  belt  conveyor.  The 
characteristic  feature  of  grainer  ojieration  is 
that    tiie    l)rine    does    not    boii.  Witli    steam 

pre.'^sures  of  25  to  -10  lbs.  in  the  coiis.  tlie  brine 
will  be  200  to  210°  F.  Hotter  brine  than  this 
makes  too  fine  salt.  With  lower  pressure  steam 
and  cooler  brine,  evaporation  is  slower  and 
conseciuently  tiie  grain  i^  larger.  Due  to  tlie 
presence  of  calciiini  ■.iilpliate,  tlie  coils  scale  and 
re<|uire  to  lie  cieaiieci  pcrioilically.  (Iraiiier  salt 
is  Usually  only  air  dried  in  storage  liiiildiiigs. 
When  formed  by  tliis  slower  evaporation  tlie 
salt  crystallizes  in  llopper-^llaped  crystals.  Tlie 
salt  produced  by  this  method  is  used  generally 
for  (fairy  purposes  and   as   low-grade   tal)Ie  salt. 

"For  tiie  production  of  tiie  iiigli-grade  salt 
vacuum  evaporating  ])ans  are  used.  The  form 
usually  employed  is  of  tlie  vertical  tulie  type 
with  a  central  downtake.  Due  to  tlie  presence 
of  calcium  siiipliate  in  the  brines  heating  sur- 
faces yrarliially  become  scaled.  Tiiere  is  also 
the  |)lieiionieiioii  of  "salting  up."  .Most  of  the 
salt  formed  as  evaporation  i>roceeds  forms  as 
free  crystals  suspended  in  the  solution,  (iradii- 
ally,  however,  a  coating  of  salt  crystals  builds 
up  on  all  hot  surfaces  just  as  scale  forms. 
('onse(|ueiitly  vacuum  pans  have  to  be  boiled 
out  with  water  or  dilute  brine  at  intervals,  ami 
at  hmger  intervals  ralciiim  Miipliate  must  be 
drilled  out.  For  n-nioving  the  salt  from  flie 
pans  a  barometric  leg  is  use<l  dlsclla^^illg  into 
an  elevator  or  into  centrifugals  for  cliniinat iiig 
incnHtiire  and  mother  li(|Uor.  Vacuum  pan  salt 
has  a  characteristic  grain.  Sime  the  crvslals 
nresimpended  in  h  Htrongly  agitated  solution 
during  torniMtion.  IrKise  crystal  aggregatOH 
cannot  form,  and  the  salt  is  in  the  form  of 
hard  uniform  cubical  grains.  This  structure 
mnken  II  salt  winch  rlissojves  more  slowly  than 
grainer  salt.  It  m  als«(  less  hygroscopic,"  heiieo 
makes  II  fre«--riiiiiiing  table  salt.  It  also 
cKcliides  less  mother  licpior.  \'ac  iium  pan  salt 
IS  clned  III  steam  heated  driers.  Jt  is  then 
%crtt-i\fi\  through  various  mesh  scroons.  fnuii  20 
to  90  m«»iih."— W  I,  WwH.vn.  CUrmirnl  and 
';:/(;.  r'natneerinii.    February    2.     1921,    p     201. 
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Etching   Re.4gents. — Below   is  a   li.st   of   tonimon   reagents   in   use   at  the   U.S.   Bureau   ot 
Standards  for  etching  various  metals  and  alloys  before    microscopic    examination:  — 


Material. 


Co|)i)er  and  copper-ricli  alloys 
(brass,  bronze,  aluminium 
bionze). 


Method    of    Etching. 


An     aninioniacal    or    an    acid 


Beniarks. 


oxidizing   solution. 


Alutniniuni 
rich    allovi 


and     aluminium 


Lead. 


liCad    and    tin    alloys,    includ- 
ing   white    metals. 


Nickel. 


Nickel  -  rich  alloys  (monc! 
metal,  benedick  nickel, 
nickel    bras.s). 


Zinc  and  zinc-rich  alloys. 


Cold.    j)latinnin    and    "nobel" 
me 


1.    platinum    and 
etals    and    allovs. 


Suitable     oxidizers     for     use : 

Hydrogen    i)eroxide,    ammo- 

,•      nium      persulphate,      potas- 

I         sium     permanganate,     cliro- 

/      mic   acid. 

Ammoniacal    solution    of    cop-  \  Electrolytic    in    its    nature. 

per    ammonium    chloride.       ) 
Oxidizing    aciils.  j     Nitric  acid  and  chromic  acid. 

Aqueous      sohition      of      silveri  ^  The  film  of  precipitated  silver 

nitrate.  )      must    be    removed. 

Concentrated     ammonium  ^  Accompanying      oxidation      is 

hydroxide.  •      necessary   to    produce   satis- 

)      factory    results. 
Heat   tinting.  Valuable   for   certain   bronzes. 


Hydrofluoric    acid. 


A(iueous  solution  of  sodium  or 
potassium  hydroxide. 


An  approx.  10%  acpieous 
.solution  is  used,  a  supple- 
mentary immersion  in  con- 
(•(Mitrated  nitric  acid  or  in 
chromic  acid  may  be  neces- 
sary to  clean  the  surface. 

01%  aqueous  solution  is  suit- 
able for  revealing  the  con- 
stituents, more  concentrat- 
ed for  revealing  tiie  grain 
boundaries. 


Nitric  acid. 


Dilute    nitric   acid. 

Dilute   hydrochloric   acid. 
.\(|ueous     solution      of     silver 
nitrate. 


\  Alone     or     with     addition     of 
3      chromic  acid. 


Concentrated    nitric    acid. 
Klectrolytic    ctciiing. 


>anie  as  for  nickel. 
I''erric    chloride. 
Ammonium    persnl])hate. 


^^odium  hydroxide:  mixture  of 

chromic   and    nitric   acid. 
Iodine. 
Klectrolytic     etching. 


.\(|ua   regia. 


L 


I'sed  alone  ov  in  a  solution  of 
glacial  acetic  acid,  approx. 
nitric  acid  50%,  acetic  acid 
40%,   water   10%. 


Same   as   for   nickel. 


Alcohol   solution,    approx.    1% 
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ETcmNf.  Reagents  ( (ontinued ) — 


Material. 


Method  ot  Etching. 


Remarks 


Silver     and     its     alloys     withXitric  acid. 

c-opper.  Ammonium    persulphate   solu- 

tions. 


Wrought   iron, 


•pure"   iron.    Nitric   acid 

Picric  acid 
upric 
agent) 


^  2%       alcohol      solution      com- 
)      nionly  used. 
5%   alcohol  solution. 
Cupric     reagent     (Stead's    re- )  To    reveal    phosphorous    band- 

■      ing    and    similar    structural 
'      features. 


Carbon  steels. 


acid,    picric    acid    andi 

reagent,  as  above.  ' 
Hot  alkaline  sodium  picrate.i 
Hvdrocliloric  acid. 


.Vitric 
cuprif 


Used   to   colour  cemcntite. 
1%  alcohol  solution. 


Allov  steals. 


as  for  carbon' 


Same   reagents 

stoels.   above. 
S%   alcoholic  picric  acid 

prolonged    etching. 
3o<lium   picrate. 


very  ^  For     revealing 
>      daries. 


grain     boun- 


Cast   iron. 


Picric  acid,   or   nitric  acid    as   >  For    steels    showing    free    car- 
)     above.  \      hide. 

Heat  tinting.  t 

CT    ,.  .       ,  1 )  r<)     idcntitv     iron     nji()s|)hide 

|So<lium    picrate.  ,       ,„„,    .......ganese   sulphide. 


'../    .»/•  '     K<i-j<i,>.  iinj.   F.-I.ni;iry   J.    UfJl.    p.    L'ii7       iF.W.) 


.MKT.\LH  KC;V 

TiiK    \)\  'rsi    or    Tiir    Ron    Mii.i,. — The 

H'»l  mill.   .  ^h   not  a  new  ty|M'  <jf  mill,   hat* 

rjHfiilly  been  rei-eiving  more  i-onHidcration  and 
apnlKation.  and  i»  invading  the  field  of  the 
hall  mill  for  itage  grindinK-  Karly  in  the  laxt 
ilt^miU-    V  ■  '    "  •      (KTame    <onvcTt»i    to    the 

id<-a  of  <-^  licitv  in  their  ore  dri**miiig 

pl«Bt«,   aiKl   it.<'   l<aU  •<!  a>i  a  itinglo  stng«- 

fru»her  and   grind'-r  •  d     Ut     thin    desire. 

Ff«^i  «*  larg«'  an  llir«-«-  iii<  Ih-h  for  an  X  ft. 
dianiftfT  mill  wa*  r<-<'(imiii<-iid<>d  fur  regular 
|jra(-t|r«».  InUi  thi«  v  h>-mf  the  fnl  mill  did  not 
fit,  a*  it  I*  •  vtagf'  gr""l>< 
attitude  and  (•■rt.-im 
prevrnt^^J  tbo  r«Kl  nnli  in 
•»rinti»   att<>ntioii. 

"Tl  '  ■  tl|)H> 

null  r>HU 

of  I 

I...  .t 

result*  thi  r«'>iv  iii(-r<'a*ing  tin*  «-»f<>»-iivi'  grind- 
ttiif  ar"  .4  i.«  f  in,,t  .,f  iitf^l.  Tliin  may  In*  vimial- 
C'  two    ball*    or    |M<bbli>ii    ar<' 

»■«"-• !■  •' ntmi't    ib.-v    mo«.l 

at  a  fMHnt  and  u  mhtrh  liaii|><<n<i 

to  b#  at  thi«  p»niii  11  <rii«iicu  or  Kroiin<l   vi»ry 


machine.      Thi- 
'■al     weakiH      • 
ref-eivijig    iimri- 


fine,  deiiendiiig  upon  the  force  of  impact.  With 
nxls.  tin-  uctioii  will  be  similar  except  tiiat 
grinding  will  take  jdace  along  a  liiw  instead  of 
a  point.  The  muxiniuni  impact  is  not  as  great 
jis  with  ballN.  as  it  i.s  distributed  over  nianv 
points.  Fine  grinding  is  not  likely  to  take 
place  if  the  rod  is  coiisidcriMl  as  rigid,  tlie 
entire  grinding  action  being  along  a  longitu- 
dinal line  and  is  coiio-ntrated  on  the  two 
(•oi^r•>«•^t  ore  pjirtnli-s  wlii(|i  support  the  rod. 
allow  ing  the  fiii.r  particlr-  lirtwitjn  a  frre  ch-iir- 
an<v.  In  priniicc,  the  rods  are  e|g>.ti<-  and  not 
HtrKtIy  jiarnljcl.  but  iiiaxinium  grinding  action 
in  exi-rt«'il  on  the  ccmrseKt  partifles.  The  rod 
null  in  tbt-refore  only  Huite«l  for  slagi-  grinding 
and  |iarti<  iilarly  for  ore  dresHing  alicad  of  or 
lH>twe«Mi  (••iicentriitioii  stagi-s  an<l  whrre 
»ilimmg  in  to  Im.  iivoidi-d  Th,.  'Marathoir  null 
HBH  the  pioiii-i-r  rod  null  OiImt  dfsiKHN  havr 
»in<-<.  iH-en  di-vi'lop<-d  until  to-day  tln-re  an- 
•••v.-ral  NtHiidiinl  millH  On,-  of  thenf  Iuim  a  hhell 
0  feet  in  diameter  and  12  fei-t  long,  weighs 
over  fifty  ton*  and  contaiiiH  an  eighteen-ton 
hhI  load.  It  io  driv..|i  bv  a  I.Vi  h  p.  iiKitor  The 
t«'nd«Mi«y  !•.  to  hiivK  till'  f.-.-d  end  Hiipportcd  on 
triiniiioiKi  and  tin-  ilimhargi-  ind  on  rolb-rH, 
leaving  the  greater  part  of  tho  ilis.-hurge  en<i 
o|»en.      To    prevent    wplanh    from    mich    a    birite 
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opening  and  to  keep  the  rods  in  the  mill,  a 
large  hinged  door,  iiuloi)endent  of  the  rotating 
.sheTl.  is  used.  This  allows  ready  inspection  and 
replacement  ot  the  grinding  load.  The  rods 
»ised  vary  irom  \\  to  ;5  inches  in  diameter. 
Another  type  of  rod  mill  supports  81%  of  the 
weight  of'  the  rotating  shell  on  special  self- 
adju.sting  rollers  and  has  trunnion  feed  and 
discharge  ends. 

"On  a  6  ft.  X  12  ft.  rod  mill  used  on  a 
quartzite  copper  ore  in  Arizona,  the  following 
operating  data    is  given:  — 

Drv  tons   feed   per  24   hrs 668-24 

Total    K.W.   hr.   per  21  hrs 2745-6 

K.W.    hr.    per  ton   feed    411 

K.W.  hr.  p.  ton — 48  material  produced  10-65 
Horse   power   153.3 

+  i;in.  +3in.        -10  +0.5  +200     -200 

Mesli.  Mosli.      Me.-^h.  Mesh.  Mesh.  Mesh. 

Tlie  Feed  Pvil))     332  ll-.-)2        2(!-12  ICIXI  3-08        (V36 
The  Dischtirfre 

Pulp                                                  (i-,')8  .")n-20  l.iTO  27- K) 

In  general,  the  ex])erience  with  the  rod  mill 
is  that  it  cannot  take  feed  as  large  as  is  often 
given  to  hall  mills  or  is  it  proved  that  it  is 
superior  or  efpial  to  tube  mills  where  a  pro- 
duct finer  than  100  linear  mesh  is  desired.  The 
consumi)ti()ii  of  steel  appears  to  he  less  than  for 
a  hall  mill  and  its  original  cost  is  le.ss  as  the 
manufacture  of  rods  is  hetter  standardized 
tiian  that  of  halls." — E.  H.  HoiUK,  Ktuiincnind 
inid  Minin'i  JnunuiJ  r.V.V.j,  Mav  28,  1921. 
(F.  W.) 

OsMiRiDiuM. — The  two  elements,  osmium  and 
iridium,  were  di.scovered  and  isolated  hy 
Smitliton  Teunant  in  1S04.  Since  then  the 
various  fl(>meuts  of  the  iilatinum  group  have 
heiMi  discovered.  Tiiese  usually  are  found  asso- 
ciated with  the  mineral  osmiridiiiiii.  Tiiey 
a  re  :  — 


_  .,  „•  *  ^ 

m  <::  a-.O  oSOr 

Hutheninm       T?n.  IfH-T  12-26  1800° 

Mliodiuin  \\\\.  1029  12-10  2000° 

Palladium  IM.  106-7  11-50  1500° 

Osiiiium  Os.  190-9  22-48  2500° 

Iridium  Ir.  in.i-I  22-12  2500° 

J'latinuiii  I't.  1952  21-.')0  1775° 

Osmium  is  a  hluish  metal,  harder  than  glass, 
and  the  heaviest  of  all  known  solids.  At  a  tem- 
perature somewhat  above  the  melting  point  of 
ziiK-  it  nmlergoes  oxidation  producing  the 
volatile    and    highly    poisonous    tetroxidc    O.sO 

Iridium  is  a  hard,  white,  lustrous,  brittle 
metal  resembling  steel.  Jt  is  malleable  at  red 
heat,  and  melts  only  in  the  oxyhydrogen  flame. 
It  is  a  powerful  catalytic  agent  when  fiiielv 
divided. 

The  mineral  osmiridium  has  a  rliomholuHlral 
crystallisation.  It  usually  occurs  in  irregular 
flattened  grains  or  minute  grai)liitic  lamellae. 
The  hardness  is  6  to  7,  sligiitly  malleable. 
Lustre  is  metallic,  dull  to  si)lendent  and  glisten- 
ing. Specific  gravity  1.52  to  21-12.  The  follow- 
ing is  the  analysis  of  a  Ta.smanian  sample:  — 

Platinum   0-37% 

Ruthenium   819% 

I'alhulium   0-21% 

'•"idium        )  QQono/ 

Phodium     \    33.80% 

Osmium   (by  difference)     5709% 


(Jold   0-04% 

Iron    0-30% 

Copper Trace 

The  minerals  associated  with  osmiridium  in 
Tasmania,  beside  the  platinum  group,  are  gold, 
occasionally  diamonds,  chromite,  magnetite, 
ilmenite,  limonite  and  heazelwoodite  and 
zaratite,  t%vo  nickel  minerals  peculiar  to  the 
country.  The  rock  formation  in  which  it  occurs 
is  serpentine,  commonly  the  yellowish-green 
variety.  The  deposits  of  osmiriclium  were  con- 
tained originally  in  certain  igneous  rocks  such 
as  demites  and  peridotites,  which  subsequently 
were  converted  into  serpentines.  The  mineral 
is  recover(>d  by  mining  deposits  of  a  pockety 
nature  found  in  situ,  and  in  placer  deposits, 
and  is  found  in  many  districts  of  Tasmania. 
The  methods  used  in  mining  and  washing  the 
alluvial  gravels  are  often  of  a  primitive  nature, 
and  are  similar  to  those  ein])loyed  in  gold 
alluvial  mining.  The  pockety  nature  of 
deposits  ill  the  rock  is  an  obstacle  to  large  scale 
operations    of    underground    mining. 

In  Tasmania  large  accumulations  of 
osmiridium-bearing  gravels  exist.  Most  of  the 
"point  metal"  used  for  tijiping  gold  nibs  of 
fountain  pens  is  found  in  this  country.  The 
grains  used  for  this  ])uri)ose  bring  the  highest 
price.  The  greater  portion  of  the  mineral  used 
in  i)re-war  times  came  from  Pussia,  where  it  is 
found  associated  to  a  minor  degree  with  the 
])latinuiii.  Columbia,  South  America,  also 
produces  osmiridium  in  association  Avith 
lilatinum. 

The  application  ol  osmiridium  to  individual 
uses  has  extended  greatly  during  recent  years. 
Iridium-platinum  ware  has  an  iridium  content 
from  5%  to  30",,.  W'iicn  the  proportion  exceeds 
.30",',  such  an  alloy  is  not  attacked  by  aqua 
regia.  Iridium  forms  an  alloy  with  9  narts 
of  platinum,  Mhich  is  extremely  hard,  elastic 
as  steel,  unalterable  in  the  air.  and  capable  of 
taking    a    high    polish.  This    alloy    has    been 

eni])l<)yed  in  the  i)rodu(tion  of  bars  for  standard 
weigiits  and  measures.  Iridium  is  also  used  in 
the   ceramic  arts   and    in    i)li()tography. 

[Osmiridium  in  Tasmania,  (ieological  Survey 
Bulletin  No.  32,  1921,  bv  A.  McIntosh  Reiu, 
Asst.    Govt.    Ceologi.st.]   (F.W.) 

SUMM.MIY    OK    I'.M'KU    IIY    D.     H.     InCAI.L.     M.Sc, 

^leinber      (Hirmiiigham),     on      "Tiiic     Pki,.\tion 

DKrWKI'.N      Mk(  llANICAI,      PlUU'lCIt  1 1 KS      AM)      MlCHO- 

si'iu"(  lUHK  IN  PriiK.  Poi.i.Ki)  ZiNc,"  nrcseiited  at 
the  .\iinual  .\utnmn  .Meeting  of  tlie  Institute 
of  -Mi'tals,  h(>id  ill  Piiniingiiam,  on  Thursdav, 
September    22,    lii21. 

The  polishing  and  etching  of  cast  and  rolled 
zinc  are  investigated  in  detail.  The  mec-hanical 
lirojterties  of  ])ure  rolled  zinc  with  a  reduction 
by  rolling  of  77  to  96",',  are  determined  for  the 
following  conditions:  (1)  .\s  rolled;  (2)  annealed 
for  thirty  minutes  at  100°  C;  (3)  annealed  for 
tliirtv  niiinites  at  1-50°  ('.  ;  (4)  annealed  for 
thirty   miuntes  at  200°  V.      It   is  found   that:  — 

(a)  Only  average  values  for  mechanical  pro- 
perties are  obtainable,  as  the  material  is  vari- 
able. 

(h)  AVitii  the  material  as  rolled  and  al.so  when 
annealed  at  100°  and  150°  C,  it  is  ductile 
"with"'  and  brittle  "across"  the  direction  of 
rolling,  M-itli  reductions  from  77  to  about  87%  ; 
it  is  ductile  in  all  directions  with  96%  reduc- 
tion by  rolling,  where  the  strength  has  risen 
fr<un  aliout  6  to  about  1.3  tons  ])er  s((.  in.  These 
changes    are    obscured    by    the    microstructure, 
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which   is   au  equi-axed  structure  in   all  cases. 

(c)  Annealing  for  thirty  minutes  at  2i\KP  C. 
renders  the  material  completely  brittle  and 
weak,    due   to   a    crystallization.    (F.    W.) 

Chxoride  Voi..\tiliz.\tiox  Process. — The 
authors  of  this  paper  state  that  chloride  vola- 
tilization proc-esses  hare  engaged  the  attention 
of  metallurgi.sts  for  many  years.  The  paper 
reviews   the   subject    and    the    possibilities. 

A  chloridizing  roast  is  usually  accompanied 
by  appreciable  losses  due  to  volatilization  of 
the  metal-s  as  chlorides,  often  as  high  as  ^^O^o- 
depending  on  temperature  and  character 
of  ore.  Croasdale  carried  out  working  tests 
and  found  great  difficulty  in  recovering  the 
volatilized  fumo.  When,  in  1913.  Cottrell  made 
public  his  electrostatic  fume  precipitation  ap- 
paratus, impetus  was  given  to  the  process. 
O.  C.  Ralston  began  investigations  which  have 
been  cr»ntinued  by  the  Mining  Bureau  and 
University  of  Utah. 

The  proc-ess  is  considered  adaptable  to  oxi- 
dized, semi-oxidized  and  carbonate  ores  of 
nopper.  lead  and  silver,  for  which  the  treat- 
ment by  gravity,  c-oncentration  or  flotation  is 
not  suitable.  Clold  is  readily  volatilized.  Zinc 
<]o<^  not  volatiliz<^  under  oxidizing  conditions. 
T  "       .>    been    obtained    on    zinc 

g  silver  and  lead,  prac- 
tical'y  all  the  mIvit  and  lead  boing  volatilized. 
Kut  little  zinc.  Little  work  has  been  done  on 
•  •  ores:  experiments,  however,  are  en- 
..,..,  ..ii.ii«i.  When  the  sulphur  content  is  more 
than  abfMJt  5%.  a  preliminary  roast  is  usually 
nwessary. 

In   an    invpstieation,   the  ore  is  analysed   and 

opically       with        regard        to 

iis     of      the      minerals.       The 

rK>rr;Mtv  <>i    iii<-  lire  is  an   important  factor,  and 

on    this    dti«-nd.s    the    fineness    of    comminution. 

Mnffl*"   te*t.«i   are  tondurted   as  preliminary,    fol- 

l«)we<J     by     laboratory     volatilization     te.sts.     in 

which     Kmall      wale     apparatus     is     emplo.vod. 

T'  -   '  iin  followed  by  tes-t«  on  larger 

Tliere    is    considerable    dif- 

.    in    regard    t^i    the    rfa<tions 

Th»'  f'lllowing  arc  ronsi'lcrcd 

hr   th«-  i'»   b<  .st   likely:  — 

•jN.i  CI    •    Atj,  SO^'  =  '2AkC1  +  Na,  SO. 
f  '  '  ■      I      lead    and 

volatilized 
in  th«»  I'lr 

(2)     l:i'         -        •  Na,0    •    H  CI, 

l\i\   roprf^K-nt*  the  metal   volatiliz<'d. 
-  the      itodium 


Thr 


chlori- 
in    an 


'•!! 


th»     I. 


-•>.CI    X    8iO    f  H,0  4    Heat   - 

Nn,  SiO,    *    H  CI 
i   II  f  <>        2»,0    i'  2C1,. 


Th<^    rcMiilt    m    ihnt    the 

-..i<h     iint'%     not     «»r«(Kirnt« 

w>n<^  of    lower   ti'mfHTnturf,    i<i 

'.••r<'  lb«'  «-bl<iri. 

Th«'    iiiorc 


logical  method  would  seem  to  be  to  iilnce 
the  charge,  consisting  of  ore  and  part  of  the 
chloridizing  reagents  in  the  furnace,  to  permit 
the  charge  to  become  heated  to  the  proper 
temperature,  and  then  to  supply  the  remaining 
portion  of  the  haloid  salt  to  the  heated  charge 
in    the   zone   of  high   temperature. 

Ores,  such  as  composed  chiefly  of  limonite 
and  hematite.^  are  inclined  to  sinter.  The 
chloride  salt  itself  aids  this,  ^fost  sulphide 
ores  tend  to  sinter,  thereby  closing  the  pores 
and  sealing  the  minerals  from  contact  with  the 
chloridizing  gases.  This  objoctionable  feature 
IS  usually  overcome  by  the  addition  of  some 
inert,  non-fusible  material,  such  as  limestone, 
from  o  to  lo'^a   of  this  being  efficacious. 

Baking  of  the  ore,  due  to  moisture,  evapora- 
tion  and  temporary  fusion   of  salts  which   hind 
the  ore  together,   is  to  be  avoided.     A  properly 
designed     rabble    furnace      will      prevent      tiiis 
The     temperature     necessary     for     chloridiziiio^ 
and  volatilizing  the  metals  from  the  ore  variel 
with    the    ore    constituent.       Copper    and    lead 
volatilize  at  much  lower  temperature  than  ^'o\iX 
and   silver.     A  temperature  of   l.(H)U°  C.   should 
completely  violatilize  all  the  metals  except  zinc, 
the  time  taken   being  from  40  to  dd  minutes. 
Sumiminj    of    l{i'sults    of    Tests. 
Head  .issdijs. 
Gold.         Silver.       Lead.       Zinc.       sulphur 
oz.  oz.  %  % 

(1)  Oxidized  zinc  concentrate — 

—  6.S()  7.40         32.6  — 

(2)  Oxidized  silver-lead  ore — 

••»"  !'.3!)  l.-,.7()  1.2.-,  4.47 

(3)  Oxidized  silver-lead  ore — 

.03  3..Jtj  o.3o  —  — 

Itfmipnts  Used.  .    Vohitilizcd   %. 

Na  Cl"„       Ca  CI  />,,     fJoId.     Silver.    Lead. 
O)  6  tj     "  8o         SO 

(2)  10  10  —  80         89 

(3)  r,  10  70  87         SO 
— T.    Varlky   AM)   C.    Stevknson.      Mini  nil   and 
Srirntifir    I'rvsx.       From    Serial    Xo.    2247    U.S. 
Bureau  of  Mines.  July  .30.    1<I21.   p.    \m.   (F.W.) 

Kr.KCTRIr      FlHNACKS      K)ll      SlI.VKIl.      (Joi.l)      AM) 

.Mktm.s  ok  liOW  .Mki.tinm;  I'oint. —  For  llu  re- 
fining of  steel,  the  mi-lting  of  copjier.  nickel, 
aluminium,  brass  and  briuize.  the  ele<tri<-  fur- 
naci-  is  now  in  extensive  use,  and  theic  is 
ami)le  literatiin-  covering  this  field.  The  aullior 
deals  wilh  the  applic  atioii  of  electric  fuiiiac<"' 
to  tin-  rarer  nn'tals.  parti<ul:»rly  in  mints  and 
rctincrirs,  and  those  of  low  melting  point.  The 
«'li'<-tric  furnace  li.-is  the  following  main  ad- 
vaiilnge^    over    fuel-lieiited    furnaces: 

(1)  \    more   peifect  temperature  control 

(2)  \tvhn  losH  by  oxidation  due   to  a    iieiitiMJ 
or   reducing  atmosphere. 

'3^   A    higher    eifien-ncy. 
According   t<>   *)•'■   melluxl   of   heat    generation 
electric    fcrnii'  be    divided    into    tin-    IkI- 

Imw  ing    main    •  .it  ioiiH  : 

h     Direct     arcing    flirnilceN.     wbeie     the     henl 
generated    in     nrcH    between    ele<'trodeH    and 
the    inal'Tiiil    chnrgeil,    u>tiiig    it    nn    ii    part    of 
thi'  «"ircuit. 

<2)  Frw  hurninii  lire  furnaceN.  where  the 
heat  i«  generated  independently  of  the  charge, 
ill  nrci  diiiwn  IwtMi-en  the  tipit  <•(  i-lectroden 
l<M'ii*ed    alvive   tin*    iiU'lal. 

(3)    CailHiii    renintor    fiiriiueex,    having    Hpe<iiil 
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lioiitiiifi  units  located  along  the  sides  of  the 
hearth,  from  which  the  heat  is  radiated  to  the 
change,    either    directly    or    reverberated. 

(4)  Inluction  furnaces,  where  the  heat  is 
generated  in  the  metal  itself  by  induction  from 
primary  coils  suitably  located;  the  furnace 
heiuK  "constructed  so  that  the  metal  charge 
forms   a    secondary   closed   circuit. 

(5)  High  frequency  induction  furnaces,  where 
the  heat  is  generated  in  the  metal  charge  or 
its  container  by  eddy  currents  induced  by  cur- 
rent   coils    surrounding    the    ciucible. 

(6)  Wire  resistance  furnaces. 

Silver,  with  a  melting  point  of  about 
960°  C.  has  no  low  volatile  oxide,  and  can 
therefore  be  exposed  to  air  without  loss  by 
oxidation.  Tn  the  molten  state,  however,  it 
has  the  property  of  absorbing  gases,  especially 
oxygen.  These  are  partly  retained  on  coolintr 
and  give  rise  to  britlleness.  an  objectiouabie 
featuTe  in  rolling  for  coin.  Agitation  of  the 
metal  is  therefore  to  be  avoided.  The  pouring 
temperature  of  fin(>  silver  .should  be  from 
1.295°  C.  to  1.805°  C;  if  either  too  high 
or  too  low  the  metal  is  apt  to  crystal- 
lize coarsely  on  solidifying,  making  it  brittle. 
For  this  reason  a  lip-tilting  type  of  furnace  is 
most   suitable. 

.\moiig  the  various  types  of  electric  iuniaces 
used  now  for  silver  melting  are  the  Rennerfelt. 
a  free  burning  arc  tyjie ;  the  Bailey  furnace,  a 
carbon-resistor  type;  and  the  Ajax-Xorthrup 
furnace,  a  high  frequency  induction  type.  The 
first-named  is  largely  iis(>d  in  mints;  the  second 
is  n.sed  for  smallei-  Operations,  melting  lots  as 
small  as  500  ozs.  Tlie  crucibles  are  lifted  out 
and  poured  separately.  Accurate  temperature 
control  is  possible.  The  average  time  for 
(liaiging.  melting  and  pouring  of  one  beat  is 
given  at  67  minutes.  It  is  used  largely  bv 
sterling  silver  i)laters.  In  the  third  furnace 
the  crucible  is  also  removable,  and  small 
charges  can   be   run. 

A  wire  resi.stance  type  of  furnace  does  not 
produce  .sufficient  heat  for  melting  silver  or 
gold. 

(Jold  sliould  be  melted  in  crucible  furnaces 
only.  Not  many  electric  furnaces  have  been 
adapted  for  m(>iting  it.  The  Bailey  furnace 
is  suggested.  Cold  has  too  high  an  electrical 
conductivety  to  be  melted  by  direct  induction, 
.^ome  small  furnaces  of  the  high  frequcMicv  in- 
duction type,  where  a  conductive  crucible  is 
used,  have  been  installed.  Tn  a  six-inch  cru- 
cible, containing  371b.  gold,  the  charge  is 
melted    in    eight    minutes. 

If  gold  is  alloyed  with  platinum,  a  metal 
having  a  very  high  resistivity,  conductivity 
may  be  decreased  sufficiently  to  melt  the  alloy 
bv  direct  induction  in  a  clay  or  magnesite 
crucible. 

For  melting  metals  of  low  i>ouring  tempera- 
ture, .such  as  lead,  zinc  and  tin.  an  accurate 
low  temperature  control  furnace  is  essential. 
Tlosistance  radiating  types  are  used;  also  those 
having  wire  resistance.  ,\  high  frecjuency  in- 
duct i<m  type  of  furnace,  with  an  iron  crucible, 
is  also  employed. — .loN.vs  HKHi.F.Nirs.  f'hrinicnl 
inuJ  Mrf<iU\(r(iiifil  Emii nrr riiK/ .  September  7. 
1021  :   p.    154.      (F.\\.) 

Cast-Thov  lUsK.MTii  IN  ENoi..\Nn. — A  Tle- 
.search  Association  has  been  formed  in  England 
to  invr-stigate  the  properties  of  cast-iron,  and 
to  di."*seminato  the  results  of  their  researches. 
Tlie    As.soeiation    inludes    Professor    T.    Turner. 


Dr.    W.    H.    Hatfield.    Sir  Robert   A.    Hadfield^ 
Professor  C.   H.   Desch  and  Profes.sor  H.   C.  H. 
Carpenter.     On   the  programme  of  the  A.ssocia- 
tioii   are  the  following  researches:     (1)  The  pos- 
sibilities  of   the   correct    standardisation   of   the 
grades   of    pig    iron    according   to   chemical    and 
physical  analysis.      (2)   The  classification  of   pig 
iron    into    grades    .suitable    for    definite    groups 
of    castings    of    light,    medium    or    heavy    form, 
according  to  their   requirements  in  service.    '3) 
The   influence  of  mixtures  of   known   grades  of 
pig    iron    in    various    melting    jirocesses   on    the- 
final    i)roducts.    of     light,      medium     or     heavy 
design.      (4)      The      practical      application      of 
bri(|iietting    fine    scrap,    etc..     for    cupola    and 
other   furnace   work.      (5)   The   design    and   pro- 
portions of  melting  equipment  for  specific  work. 
Cui)ola.  open   hearth  or  electric  furnaces.      The 
effect    of    melting    temperatures,     fin/rrr    area, 
blast  pressure  and  volunu>.  on  (luality  and  econ- 
omic  production    of   castings,    and   on    the   wear 
and   tear   of   furnaces.      (6)    Methods   for   elimin- 
ation  of  sulphur  and   other   ini])niities  and   the 
problems   connected    with    repeated    meltings   of 
.scrap,    sprues,    etc.      (7)    The    correct    mixtures, 
fuel  and  fluxes  for  special  iron  of  the  semi-steel 
and    malleable    types.      (8)    The    fuel    problem — 
chemical   and   physical   prop(>rties  of  coke,   coal, 
caloiilic    values,    strength,    nature    of    ash.    etc. 
(9)   Moulding  .sands,  facings  and  washes.     Their 
standardisation,     composition     and     preparation 
for     the     various     clas.ses     of     castings.        Their 
sources  of   supi)ly.      (10)    Moulding   equipments. 
MachiiH'  moulding.     Permanent  moulds  and  the 
u.se  of  chills  or  denseners.     (11)  The  after-treat- 
ment   of    castings.      Re-heating    and    annealing 
of    malleable    and    other    castings.        Efl'ects    of 
temi)eiiituie.   time  and  mass  on   annealing.   (12) 
Casting   temperatures   and    pouring   sp(>eds.    The 
effect   of  position   and  size  of  running  and  feed- 
ing heads.     Internal   strains  and  their  removal, 
(i;^)     Ca.st-iron     compositions     lH>st     suited     to 
r<>sist      acid,     sea     water     and     gas     c-orrosion. 
Also     problems     c-onnected      with      growth     un- 
der   repeated    heating    and    su])erheated    steam. 
Hot   ga.ses  in   internal  combustion   engine  cylin- 
ders,  etc.      (14)   The   proi)erties  of  cast-irons  of 
various    compositions    in     resiiect    to    electrical 
conductivity,    magnetic   permeability,   etc.      (15) 
Porosity    in     cast-iron     in     relation     to    castings 
desired   to   carry   hydraulic   or    heavy    gas   pres- 
.sures.       (16)     Mechanical     tests     for    cast-iron. 
Their    standardisation    and    best    forms   for    test 
pieces.     (17)  To  make  suggestions  relative  to  the 
British     Engineering    Standards    Specifications 
for     cast-iron,     malleable     cast-iron.     etc.       (18) 
Machiiieai)ilitv.      The    influence   of   composition, 
iieat    treatnieiit.    etc..    iii)on    the    machmeabihty 
of    cast-iron,      semi-steel.      nialleabl(>      c;ast-iron. 
The   .A.ssociation   eiuourages  firms  and   individu- 
als to  join.   who.   on  payment  of  a  small  fee  of 
subscription,     will    he    informed    of    the    results 
achieved    bv    the    .X.ssociation's    research.— ^Cast 
IitoN    Hhskxium    in    England.    Indian    7v'/ir/;nfier- 
in<i'.      August    13.    1921.    p.    91.      (J.A.W.) 
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Proceedings 

AT 

Ordinary  General  Meeting, 
19th  November.  1921. 


The  Ordinary  General  Meeting  of  the 
Society  was  held  in  the  Assembly  Hall, 
Scientific  and  Technical  Club,  100,  Fox 
Street,  Johannesburg,  on  Saturday,  the  19th 
November,  1921,  at  8  p.m.,  Mr.  F.  Warten- 
weiler  (President)  in  the  chair.  There  were 
also  present :  — 

21  Members:  Messrs.  J.  Chilton,  C.  J. 
Gray,  Prof.  G.  A.  Watermeyer.  F.  W. 
Watson,  A.  King,  .1.  R.  Thurlow,  John 
\Vat,on,  A.  Whitby,  H.  A.  White,  J.  A. 
W'oodburn  (Members  of  Council),  J.  Q. 
Kraidwood,  Dr.  W.  A.  Caldtcott,  R.  A. 
Cooper,  J.  M.  Dixon,  H.  L.  V.  Durell,  Jas. 
Gray,  L.  I).  Hingle,  B.  Schlesinger,  C.  B. 
Simpson,  C.  I).  Tudhope  and  11.  R.  S. 
Wilkes. 

4  AflRociates:  Mesftnt.  J.  A.  Boyd,  O.  A. 
(Jerber,   J.   Gibson   and    W.    Russell. 

2  Vinitors  and  H.  A.  G.  Jeffreys  (Secre- 
tary). 

MINUTES. 

The  President  said  th<»y  would  be 
unable  lo  cofifirm  the  Minutes  of  the  last 
meeting,  the  October  Journal  not  having 
yet   f)een    ;  -d,   owing   to   the   fact    thai 

they   had   ^.-i   their   printers.      Ah   mo«t 

iiieml>ers    kn«-w,     they    had     trannf erred    the 

printing  oi   the  Journal  from  Johanri«»(»biirg 

to   >farit7.biirg.      They  woulfl   rradilv   iimbT- 

Kiand   that   the  printing  of  the  firnl   .Journal 

involved    a    great    deal    of    dea<]-work,     ihr 

'of      ty|»e     for     a'lvirl  '  *,    tlip 

^    of    pagri'.    and    that    ]>'       ■      .    as    a 

rule,  were  not  famiiiar  with  ihe  nrinling  of 

^-r        Thr-v    rxp«rted,    h' wcver, 

""/  w'>'ild   b*"  diKtribul*']   Mome 

l>mr     fiM«     »•    !■  They     would     therefore 

drfer      th<  iiialion   of    the    minutes   of 

the  taut  ni4^ .  ....- 


NEW     ME.MBERS. 

A    ballot    was    taken    for    the    election    of 
new    members,    and    the    following    were    de- 
clared  unanimoiislv  elected:  — 
Bnowx.     Thom.\s.     JP.O.     Box     1U92.     Johannes- 

Inirti:    KiiKinet^r. 
Fn.\ZKU,    Li.OYU    S..    Standard    Oil    Co.    of    New 

York      (S.A.),      .Johaimeslnir<i ;      Mtnliauical 

Enjiiiieer. 
Hknukrson.  .JosErn,  Newcastle  Iron   and  Steel. 

Ltd..    Newc-a.stle,    Natal:    Metallurgist. 
^^ASKEw.     Fredf.kkk.     P.O.     Box    .}.     Brakpan ; 

-Mine    and    Land    Surveyor. 
Reim.   Ehnest  p..   P.O.    Bi)X   2.    Bcnoni  ;  Tocluii- 

cal    Kngiueer. 
RiGGS.    Chahi.es    H.,    NewcastU'    Iron    and    Stool. 

Ltd..      Newca.stle.      Natal;      Blast      Furnace 

.Su|)crinten(l('nt. 
.Smith,    Hahoi.I)   H..    Minerals  Separation.   Titd.. 

P.O.      Box      2!t.")i).      .lohanncshurji ;      Minin;; 

Engineer. 
SoAH,     Edwin.     Witbank     Colliery.     Ltd.,     P.O. 

Box    1.    Withank  :   Colliery    Manager. 
Symons.   Chahi.es  .1.    1)..    P.O.    Box    Uii).   .lolian- 

neshnrg:      Mechanical      am!      Electrical    En- 
gineer. 
TriiiiKi'K.    CiTiiiiKiiT    1)..    City    Deep.    Titd..    P.O. 

Box    1111.    .lohanneshurg :    Mine    Surveyoi-. 
\'kit<ii.     Nkm.     .\..     .Minerals    Sejiaration.     litd., 

P.O.     Bdx     2;)")'t.     .I..liannes»)uig:     Metallur- 
gist. 
The    Secretary   notified  (hat  the  followinfj 
gentlemen  liati  been  admitted  by  the  Council 
as  Associates  :  — 
HoWK.   Chxki.es.    P.O.    Biix    lti">().   .Inlianne.sburg ; 

.Metallurgist. 
VAr«;HAN.  Wn.i.iAM   E.,  Jnr.,  42,  Standard   Bank 

ChainberK.       .lohnnnesliurg ;       ,\.ssistant       to 

Anieri«-an   Trades  Coniini.HKJoiHM'. 


OENERAI.    nUSINE.SS. 


The  Secretary  announced  (hat  (ho  fob 
Irtwing  illi'sl  rated  Lectures  W(  iild  be  hclil 
during  (be  coming  week,  iimlrr  (be  auspices 
of  the  Associated  Scientific  and  Technical 
Societ  ies :  — 

"  Problem"  m  Local  Hocks  and  StoriiiH," 
by  T.  N.  LcHlie.  F.G.S.,  F.H.  Mel  S  . 
on  2Iit  Novindier.   1021. 

"Commercial     Arrbitecture,"    by    il      U' 
Spirer,    f>n    '1U\]\    November,     1021. 


Journal  of  The  Chemical,  MetalhtrgicaJ  and  Mining  Society  of  South  Africa.  Nov.,  1921. 


SOUTH     AFRICAN     INSTITUTE     FOR     MEDICAL 
RESEARCH. 

The  President  directed  the  attention  of 
members  to  the  annoimcement  on  the  back 
page  of  the  Agenda,  to  the  effect  that  they 
had  been  invited  by  the  Director  of  the 
South  African  Institute  for  Medical  Re- 
search to  pay  a  visit  a  fortnight  hence  to 
the  Institute.  He  hoped  that  members 
would   roll   up   in  good  numbers. 

ELECTION     OF     OFFICERS,      ASSOCIATED      SCIEN- 
TIFIC    AND     TECHNICAIL     SOCIETIES     OF     SOUTH 
AFRICA. 

The  President  remarked  that,  in  con- 
nection with  the  election  of  officers  for  the 
Scientific  and  Technical  Club  of  South 
Africa,  nominations  had  been  called  for.  It 
had  been  announced  at  the  last  meeting 
that  any  member  of  anv  of  the  constituent 
societies  could  make  nominations,  ])rovided 
these  were  sponsored  by  at  least  twenty 
members.  In  order  to  give  a  lead  he  had 
taken  the  matter  in  hand  and  had  received 
the  support  of  a  number  of  members  for 
certain  nominations.  They  would  also  like 
to  have  any  other  nominations.  The  time 
was  getting  short.  All  nominations  should 
be  in  l)v  the  end  of  the  month. 

EXHIBITION  AND  DEMONSTRATION  OF  DEVICES, 
OF  PRACTICAL  ADVANTAGE. 

The  President  said  members  would 
notice  on  the  Agenda  a  new  subject  head- 
ing: "  Exhibition  and  Demonstration  of 
Devices,  etc.  of  Practical  Advantage."  It 
was  decided  at  the  last  Council  Meeting  to 
devote  ten  to  fifteen  minutes  at  every  meet- 
ing to  the  exhibition  or  demonstration  of 
any  practical  devices,  or  the  showing  of 
charts  of  interest,  the  idea  being  that  they 
would  like  to  encourage  the  ])racticid  man 
to  come  forward,  and  to  give  him  the  oppor- 
tunity of  exhibiting  any  contrivance 
which  was  new;  it  might  be  a  me- 
chanical contrivance,  ap|)aratus  used  in 
the  laboratory,  or  anything  jjertaining 
to  underground  work.  That  evening 
thev  had  a  device  which,  through 
the  courtesy  of  the  Manager  of  the 
Ferreira  Deep,  Mr.  Paul  Selby,  they  were 
able  to  exhibit,  and  Mr.  F.  Brazier,  the 
Reduction  Officer,  had  sent  in  a  short  des- 
cription, which  the  Secretary  would  read. 
Perhaps  during  the  interval  members  would 
like  to  examine  the  device. 


AUTOMATIC     CONE    CLASSIFIER    UNDERFLOW 
REGULATOR. 

Mr.  H.  Brazier:  This  device,  a  full-size 
model  of  which  is  exhibited,  was  first  intro- 
duced at  the  Apex  Plant,  and  with  certain 
alterations  has  been  in  use  on  the  Ferreira 
Deep  tube  mill  dewatering  cones  since  May, 
1919.  Following  the  use  of  "slide  plates" 
and  "cut  ofFs"  controlled  by  a  native,  the 
automatic  action  of  this  regulator  was  wel- 
comed and  used  in  conjunction  with  the 
ordinary  diaphragm ;  it  is  extremely  sensi- 
tive, maintaining  an  even  feed  to  the  tube 
mill.  The  overflow  of  the  dewatering  cone 
is  satisfactory. 

As  will  be  observed,  the  regulator  oper- 
ates bv  counter-balance  and  pulp  flow 
friction.  The    counter-weight,    |\vhich    is 

adjustable,  serves  to  keep  the  valve  open 
and  balances  it  against  the  normal  under- 
flow of  the  classifier.  When  this  becomes 
thin,  increasing  the  rate  of  flow,  the  in- 
crease in  friction  and  pres'^ure  on  the  valve 
is  sufficient  to  throttle  the  flow  until 
equilibrium  is  again  established. 

The  moisture  content  of  the  regulated 
underflow  averages  25  per  cent.     The  screen 

grading   is:  — 

57%   +  60  mesh. 
33%    +    90   mesh. 
10%  —  90  mesh. 

The  feed  to  the  tube  mill  classifier  is  the 
underflow  ])ulp  of  return  sjiitzkasten  dealing 
with  the  tube  mill  circuit  jjulp  and  original 
stamp  battery  i)ul])  from  a  screen  of  200 
meshes  ])er  square  inch. 

INIaintenance  is  extremely  low. 


C'lassikip;k   L'ndkkflow    Keoulatok. 
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NOTES  ON  AX  APPLICATION  OF  THE  CEMENTA- 
TION PROCESS  TO  A  BATTERY  FOUNDATION. 

Mr.  B.  Schlesinger:  When  starting  uj) 
a  new  stamp  battery  in  the  Heidelberg 
district  it  was  found  after  48  hours'  work 
that  the  foundation,  and  with  it  the  whole 
of  the  superimj)osed  construction,  began  to 
rock  so  dangerously  that  operations  had  to 
be  suspended. 

An  inspection  pit  was  sunk  to  the  under- 
lying shale-foot  at  A-B  (see  sketch),  and  by 
washing  the  face  of  the  concrete  block  so 
exposed,  the  writer  found  that  a  thin  hori- 
zontal crack  had  developed  at  C-D,  com- 
pletely severing  the  top  three  feet  from  the 
lower  nine  feet  portion  of  the  block. 

The  cause  of  the  mishap  was  badly  pre- 
pared and  badly  stamped  concrete.  Stones, 
the  size  of  a  man's  fist,  were  seen  lying  loose 
in  large  cavities  in  the  body  of  the  founda- 
tion. 

For  further  investigation  the  writer  had 
the  mill  re-started,  with  the  result  that 
portions  of  the  concrete  began  dropping  out 
of  the  block  into  the  inspection  pit,  in 
much  the  same  fashion  as  if  the  stamps 
were  pounding  on  tightly  packed  rubble. 

liepairs  seemed  quite  out  of  the  question 
and  it  appeared  at  first  sight  that  the  whole 
of  the  plant  would  have  to  be  dismantled 
and  again  re-erected  upon  an  entirely  new 
foundation,  at  a  cost  prohibitive  to  the 
mine  owners. 

Before  dealing  this  death-blow  to  his 
Board  the  writer  decided  to  attem])t  saving 
the  foundation  by  pumping  pure  cement 
into  it  under  high  pressure.  He  entrusted 
the  work  to  the  Francois  Cementation  Syn- 
dicate of  this  town,  who  lost  no  time  in 
desjmtching  to  the  property  the  necessary 
j)lant. 

This  consisted  of  a  steam  pressure-pum]i 
with  a  nine-inch  diameter  steam  cyclindor 
and  a  two-inch  water  delivery,  a  small 
wooden  mixing  barrel  for  cement,  which 
served  as  an  intake  for  the  pump,  and  an 
all-ini])ortant  pressure  gauge  capable  of 
registering  pressure  up  to  10,000  lbs.  to  the 
square   inch. 

The  ])ump  wan  served  l>y  a  boiler  deliver- 
ing steam   at   100  lbs.    ])ressure. 

Thr  J'rnreux:  Nine  holes  of  7-8th  ins. 
diaemeler,  and  Bft.  depth,  were  drilled  into 
(lie  foiiiidal  ion  and  distributed  as  shown  in 
accompanying  sketches.  The  top  9ins.  of 
each  hole  were  enlarged  to  lake  a  2-in.  ])ipe 
24ins.  long,  and  screwed  at  one  end.  Such 
pipe    was   cemented    into   each   of   the   holes 


and  the  cement  allowed  to  bind  over  night. 

The  next  morning  hole  No.  1  was  con- 
nected to  the  delivery-end  of  the  pump,  and 
clean  water  forced  through  before  the  actual 
cementing  operations  was  commenced. 
Thereupon  a  thin  mixture  of  pure  cement 
and  water  was  pumped  into  the  foundation. 
At  first  the  liquid  entered  the  concrete 
block  without  encountering  any  resistance 
whatever,  and  17  bags  of  cement  were  ab- 
sorbed before  the  pressure-guage  on  the 
pump  began  to  show  signs  of  life.  The  in- 
dicator then  gradually  rose  to  lOOlbs.  and 
20011)s.  ])er  square  inch.  Simultaneously, 
with  the  increasing  pressure  a  tiny  stream 
of  water  and  cement  could  be  observed 
oozing  out  of  the  thin  crack  previously 
referred  to. 

At  this  stage  pumping  was  discontinued 
to  allow  the  cement  to  settle,  and  hole  No. 
2  was  put  into  commission  and  subjected 
to  the  same  treatment  as  hole  No.  1.  After 
allowing  a  ])racticaily  free  ])assage  to  five 
bags  of  cement,  the  pressure  rose  rapidly 
to  SOOlbs.  when  pumping  was  stopped  for 
12   hours. 

Before  injecting  the  remaining  seven 
holes,  hole  No.  1  was  re-treated  after  free- 
ing if  from  Dartiallv  solidified  cement  by 
Irilling.  Two  bags  of  cement  sufficed  to 
send  the  pressure  up  to  l,0001bs.,  this  being 
considered  the  dangerous  limit  above  which 
the  block   may  have   burst. 

While  it  required  26  bags  of  cement  and 
22  hours  of  work  to  complete  the  first  two 
holes,  the  remaining  seven  holes  absorbed 
only  fifteen  bags  of  cement  and  eighteen 
hours'    work. 

After  completion  of  the  foundation  pro- 
per the  writer  decided,  as  a  matter  of 
safety,  to  solidify  (he  ground  surrounding 
the  block.  For  this  purpose  six  eight- feet 
holes  were  drilled  about  eigh(een  inches 
from  the  foundation,  and  injected  in  turn 
bv  a  mixture  of  one  to  one  cement  and 
slimes. 

Some  interesting  phenomena  could  be 
noticed.  When  the  pressure  on  the  first 
outside  hole  rose  to  ir)01bs.  (he  gauge  in- 
dicator suddenly  dropped  to  nil,  and  it  was 
found  that  (he  cement  solution  had  broken 
through  to  the  surface  about  ten  yards 
from  the  position  of  the  hole. 

One  bearing-block  of  the  line  shaft ,  which 
was  only  24  inches  in  the  ground,  became 
injected  from  one  of  the  outside  holes  twelve 
feet  away.  In  proof  of  this,  cement- 
solution  forced  its  way  six  inches  above  the 
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surface  through   a   tiny   crack    in   the   block. 

It  took  six  days  to  com])lete  the  whole 
of  the  process,  and  48  bags  of  cement  were 
used  up. 

The  total  costs  amounted  to  roughly  £200. 
inclusive  of  the  charges  of  the  Cementation 
Syndicate. 

After  allowing  ten  days  for  the  injected 
cement  to  harden  the  stamps  were  again 
dropj)ed,    with    entirely    satisfactory    results. 

The  plant  has  now  been  in  full  swing  for 
some  time,  and  the  foundation  is  as  firm 
as  can  be  desired. 

The  President  in  remarking  that  the 
contril)ution  was  a  most  interesting  one, 
said  he  thought  it  would  be  of  practical 
utility  elsewhere.  To  him  the  mystery  was 
how  such  a  large  cavity  could  exist  in  a 
concrete  block,  and  how  the  block  could 
withstand  such  tremendous  ])ressure  as  a 
thousands  ])ouiuls  to  the  square  inch,  or  in 
that  neighliourhood.  He  thought  the  con- 
tribution was  ralher  unique. 


OSMIRIDTUM  IN  THE  BANKET  REEF. 

Mr.  R.  A.  Cooper:  The  presence  of  iri- 
dium in  the  banket  reef  has  been  known 
for  man"  years,  and  at  times  it  has  been 
present  in  sufhcient  quantity  in  the  mill 
black  sand  concentrates  to  occasion  consider- 
able trouble  in  gold  as.saying.  Until 
recently,  however,  no  attem])(  a])pears  to 
have  been  made  to  obtain  the  platinum 
group  metals  in  a  saleable  form  from  the 
black   sands. 

A  small  amount  of  osmiridium  concen- 
trate is  now  being  recovered  in  daily  current 
milling  operations  on  some   of  our   mines. 

During  the  last  few  months  a  considerable 
amount  of  study  has  been  made  on  this 
osmiridium  in  the  Kand  M'ues  Laboratory, 
and  several  ounces  of  the  ])ure  metals,  iri- 
dium, osmium,  ruthenium,  platinum  and 
rhodium   have  been   ])repared. 

T)uri!ig  these  ])rej)arat ions  a  small  ])ortion 
of  a  ty])ical  crystalline  com])ound  of  each 
metal  was  reserved,  and  I  have  nuich 
pleasure  in  exhibiting  these  com])ou7uls  and 
some  of  the  metals.  T  have  not  yet  found 
the  metal  ])alladium  in  any  raw  or  treated 
concentrate. 

The  President  said  he  considered  the 
exhibit  was  most  fascinating.  Perhaps  few 
of  them  had  seen  these  salts,  or  the  separ- 
ated, reduced  metals.  They  would  observe 
that  the  metals  were  not  in  the  molten  form. 


They  would  readily  realise  that  when  they 
considered  the  high  melting  point.  lie 
thought  the  collection  was  a  veritable  Pan- 
dora's Box.  It  was  generally  known  that 
these  metals  were  of  a  much  higher  market 
value  than  gold.  He  wished  to  refer  them 
to  an  abstract  on  the  subject  of  osmiridium 
in  the  October  .hmnuiJ. 

While  they  were  passing  round  the  ex- 
hibits he  would  like  to  say  they  were  fortu- 
nate that  evening  that  Mr.  C.  J.  Gray  had 
volunteered  to  explain  his  system  of  mineral 
identification — the  system  of  charts,  on 
which  he  had  worked  for  a  very  long  time, 
and  which  were  u?ed  in  connection  with  the 
general    identification    of    minerals. 


MINERAL     IDENTIFICATION     SHEETS     AND 
SIEVES. 

Mr.  C.  J.  Gray  remarked  that  his  ex- 
hibit was  not  quite  a  new  one.  lie  had 
ex])lained  the  method  and  shown  the  sheets 
to  the  Geological  Society*  about  a  year  ago, 
but  most  of  those  present  that  evening  had 
not  seen  the  sheets,  and  might  be  interested 
in  them.  The  idea  arose  from  his  experi- 
ence in  the  Natal  Service.  Prospectors  used 
to  bring  and  send  in  samj)les  of  minerals 
and  ask  what  they  were,  and  it  was  not  al- 
ways convenient  to  send  them  to  the  Govern- 
ment Analyst  in  Durban.  In  many  cases 
one  could  say  straight  off  what  they  were, 
but  in  other  cases  a  certain  amount  of  work 
was  required.  That  work  had  to  be  fitted  in 
with  the  ordinary  Administrative  work,  so 
it  had   to  be  done  ra])idly. 

Many  books  contained  mineral  identifica- 
tion tables,  with  a  series  of  determinations 
of  physical  or  chemical  properties  leading  to 
identification,  but  in  practice  these  tables 
were  found  unsatisfactory.  They  took  much 
time  to  go  through,  and  one  was  continually 
striking  snags,  as  for  instance  failure  to 
determine  accurately  hardness  or  crystalline 
form.  Another  defect  of  the  tables  was  that 
they  prescribed  a  definite  order  of  determina- 
tion, which  had  to  be  followed  regardl.ess  of 
the  most  striking  characteristics  of  the 
mineral  or  of  the  particular  determination 
for  which  the  investigator  had  facilities.  A 
mineral  might  have  brilliant  blue  colour  and 
yet  that  colour  might  be  used  only  for  sep- 
arating it  from  others  at  the  end  of  a  long 
series    of    determinations,    or    the    investiga- 

\  *  A  Now  Motliod  of  r.siiiK  the  J'liysicnl 
Characteri.stics  of  Minerals  for  tlieir  Identifi- 
cation,   hv    C.    J.    (Jrav;     Trans.    (!c"h    Society 

J     of  S.A.     Vol.  XXIJl.    '1920. 
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tor  might  have  facilities  for  determining 
specific  gravity  and  find  specific  gravitv  given 
quite  a  subordinate  position  in  the  identifi- 
cation table.  What  was  required  was  a 
table  in  which  the  determinations  could  be 
selected  and  made  in  anv  order  at  the  dis- 
cretion of  the  investigator :  the  exhibit 
shewed    how    that    had    been    obtained. 

There  was  first  a  numbered  index  list  of 
391  minerals  in  alphabetical  order.  Certain 
closely  allied  minerals,  such  as  the  various 
amphiboles.  were  grouped  together  as  one 
mineral.  Then  there  was  a  key  chart,  with 
the  numbers  1  to  391  upon  it,  and  then 
again  a  set  of  66  perforated  sheets,  each 
sheet  being  perforated  in  accordance  with 
some  particular  physical  characteristic  of 
minerals,  so  that  when  it  was  placed  in 
register  on  the  key  chart  only  those  num- 
bers representing  minerals  which  might  have 
that  particular  characteristic  showed  through 
the  perfcrations.  For  instance,  if  the  per- 
forated sheet  for  red  colour  were  placed 
over  the  key  chart  the  numbers  remaining 
exposed  represented  only  those  minerals 
which  are  sometimes  red. 

The  wav  in  which  the  sheets  were  used 
would  be  shown  bv  using  the  same  mineral 
as  that  used  before  the  Geological  Society 
It  wa.s  a  mineral  which  happened  to  have 
Yffen  fin=t  identified  in  Natal,  and  perhaps 
in  South  Africa,  by  Mr.  .1.  S.  Hedges,  by 
uee  of  the  pheet.s.  The  mineral  had  sub- 
metallic  lustre,  was  black,  gave  a  black 
•  treak,  it.s  hardness  wa,s  slightly  above  six 
on  Mohr'.s  M;ale,  and  ita  specific  gravity  wa.s 
5.8. 

The  key  rheet  was  then  laid  down  and 
upon  it,  in  register,  perforated  sheets:  — 
I  I,  LuMre  Metallic  cr  Submetallic;  IT.  I, 
Colour:  RIark,  nearly  black,  or  dark-grev; 
III.  I.  Streak  Black  or  dark  grey  ;  V.  10, 
lfardn»«'->»  6  to  7  ;  VII.  12,  S|>ecific  gravity : 
5.i  to  6.1.  The  only  key  number  remaining 
ri|>OM^(I  was  91,  which,  on  ref«'r<*nce  to  the 
indei  list,  was  found  to  be  Columbite- 
Tantalit4>.     It  was  pointed  out  that  the  same 


result  could  be  obtained  bv  using  an  ap- 
proximate determination  of  hardness  and 
sheet  V.  3.  Ilardne'^s :  Not  scratched  bv 
penknife;  instead  of  the  more  limited  sheet 
V.  10.  and  that  it  was  immaterial  in  which 
order  the  sheets  were  used. 

While  on  the  particular  case  of  Columbite 
a  few  determinations  brought  the  number  of 
possible  minerals  down  to  one,  that  would, 
especially  with  non-metallic  minerals,  not 
always  happen.  In  practice  the  user  of  the 
sheets  would,  without  carrying  out  more 
than  rough  tests,  bring  the  number  down 
to.  say.  half  a  dozen,  ascertain  from  the 
index  list  what  those  were,  reject  two  or 
three  because  or  his  knowledge  of  minerals, 
and  apply  chemical  or  blowpijje  tests,  or 
make  more  accurate  determination  of  hard- 
ness of  specific  gravity  to  settle  the  question 
between  these  remaining.  It  was  pointed  out 
that  it  was  an  advantage  of  the  method 
that  the  investigator  was  reminded  of  tne 
minerals  which  were  similar  to  the  sample, 
and  that  he  could  not.  as  without  (he  sheets, 
make  a  v.rong  identification  through  for- 
getting a  possibb  mineral. 

Mr.  H.  A.  White  supposed  that  if  they 
broiiglit  the  number  down  to  nothing  l)v  use 
of  the  sheets  it  would  prove  that  (he 
mineral    wa-    not    on    the   list. 

Mr.  C.  J.  Gray  replied  in  (he  aOirin-v- 
tive.  bnt  said  that  there  was  also  the  p(.ssi- 
bilitv  that  a  mistake  had  In  en  made,  and 
tha*  it  would  be  well  to  go  over  tlu-  deter- 
mination    igain. 

The  President  i.hanke<l  .Mr.  jCJray.  on 
behalf  ot  members,  fcr  having  volunte»>red 
to  demonstrate  his  me(hod. 


The  President  thought  he  ought  to  pre- 
face the  reading  of  the  next  paper  with  an 
ex])lanation  regarding  its  premature  appear- 
ance in  (he  form  of  ex(rac(s  in  one  of  (he 
lo(»l  papers.  It  came  abou(.  through  a 
misunderstanding,  and  (he  editor  had  apolo- 
gised. 


ST)MK  vr)TES  ON  TNK   I'll/JinM'S   in's'j'  f;<  tl.l  >I"I  KLDS. 


Mv    II     (■     F     Mr.i.r, 


A   great     dral     has     Iieen     written    lately 

about    the    decline    of    the    Kand,    and    (hi- 

*    .n    of    *■•'':'    new    gold    fields.       I(, 

,re,   n^t  .|Kir(unr     to    giv«?     some 

notes  on  one  of  the  oldest  gf<ldfields  in  South 

fric*  ( 

Th»-  .     '        li'-' 


is  approximately     110     niilcH     wide     bv    I  !'• 


niilPM    long  It     in<  lu<li'M     93      prorlainir 


d 


farms,  127  farms  availiible  for  prospecting 
and  9  wuicession  farniH  In  the  year  1920 
(he  di^-trict  produced  I<I(>,H23  ounceN  of  fine 
gold  wliicli,  if  valued  n(  I  Of)/-  per  ounce, 
woidd    be    wordi    X'ri6<>.H2(l.     Thin    repre-entn 
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an  average  production  of  £46,735  worth  of 
gold  per  month,  of  which  approximately 
one-third  was  produced  bv  small  mines  and 
diggers. 

The  two  largest  mining  companies  at 
present  working  are  the  Transvaal  Gold 
Mining  Estates,  Ltd.,  often  spoken  of  as  the 
T.G.M.E.,  and  the  Glynn's  Lydenburg 
Limited.  There  seems  to  be  a  prevalent 
idea  that  the  T.G.M.E.  hold  most  of  the 
district,  and  all  the  plums.  This  is  not  so, 
though  some  of  its  properties  are  the  best 
in  the  district.  There  is  room  for,  and 
there  will  certainly  be,  many  more  good 
mines,  while  there  is  still  life  in  the  present 
ones. 

An  old  official  of  the  T.G.M.E.  recently 
told  the  writer  of  an  incident  which  haj)- 
pened  25  years  ago.  Tie  had  not  been  out 
very  long  from  the  Old  Country  when  he 
r^ecided  to  get  his  wife  out,  and  when  he 
told  the  general  manager  of  his  intention, 
the  reply  came:  "  Don't  be  a  fool;  the  mine 
will  be  worked  out  in  twelve  months'  time." 
The  mine  is,  however,  still  going  strong. 
Similar  incidents  are  still  happening  in  the 
district,  and  will  probablv  go  on  happening 
for  another  fifty  years.  Until  the  world's 
trade  is  adjusted  to  a  stable  and  balanced 
state  the  price  of  gold  is  likely  to  remain 
at  a  premium.  Gold  mining  will,  therefore, 
be  a  profitable  industry  for  a  long  lime  to 
come,  more  es])ecially  as  the  present  world 
out))ut    is   far  below   the   ])re-war   output. 

Many  of  the  mining  men  are  being  turned 
out  of  the  Rand  mines  by  the  Phthisis 
Board,  and  many  others  are  leaving  before 
they  lose  their  good  health.  Some  of  these 
have  saved  money,  and  wish  to  acquire 
small  mines  either  on  tribute  or  as  their 
own  concerns.  They  should,  in  the  first 
place,  obtain  Memoir  No.  5  of  the  Govern- 
ment Geological  Survey,  by  A.  L.  I  fall, 
which  is  most  interesting  and  instructive, 
and  is  obtainable  at  the  Government  Piintine 
Office,  Pretoria.  Apart  from  the  possibili- 
ties open  to  smaller  men,  sufficient  miner- 
alised areas  are  available,  which  warrant 
(he  most  thorough  and  systematic  prospect- 
ing  bv   strong  exi)loration   companies. 

The  Pilgrims  Rest  District  contains  19 
different  reefs,  which  have,  been,  or  are 
being,  worked,  and  also  very  many  "  Lead- 
ers." Before  proceeding  to  give  a  few  notes 
on  each  reef  it  is  advisable  to  briefly  des- 
cribe the  class  of  mining  peculiar  to  the 
district. 

The  reefs  are  unlike  the  "  Banket  "  of 
the  Rand.     They  are  true  quartz  reefs,  and 


lie  conformably  with  the  strata,  dipping 
at  about  four  degrees  West.  In  thickness 
they  average  ajiproximately  twelve  inches, 
but  various  thicknesses  are  obtained  from 
two  inches  to  ten  feet.  Their  texture  is 
disintegrated,  the  predominant  constituent 
being  quartz.  Their  colour  is  usually  red- 
dish brown,  owing  to  the  presence  of  oxides 
of  iron,  which  is  the  residue  from  the  de- 
composition of  iron  pyrite  which,  at  one 
time,  existed  in  (he  reef.  The  presence  of 
"  Reef  Gold  "'  (as  distinct  from  "  Leader 
Gold  ")  is  directly  associated  with  the 
presence  of  decomposed  or  undecomposed 
iron  pyrite. 

The  reef  is  usuallv  friable  and  easy  to 
pick.  When  blasting  is  necessary  the  holes 
are  set  so  that,  the  concussion  of  the  charge 
will  loosen  the  reef  and  not  blast  out  a 
bench,  as  is  the  case  on  the  Rand.  The 
only  exception  to  this  is  on  the  sandstone 
reef  mines,  near  Sabie,  where  the  reef  is 
unoxidised.  Most  of  the  ore  is  got  from 
the  stope  faces  by  picking,  41b.  picks  being 
used.  Each  ]iick  boy  has  two  pick-heads 
and  one  handle,  and  while  he  uses  one  pick 
the  other  is  taken  away  by  a  "  piccanin." 
Each  stope  has  what  is  called  a  "  jumper 
])iccanin,"  who  is  a  small  boy,  whose  rate 
of  pay  is  usually  from  7/6  to  17/6  per 
month,  and  his  work  is  to  keep  (he  sloping 
boys  sup])lied  with  sharp  drills  and  jiicks. 
Reef  and  waste  are  })icked  alternately. 
After  the  reef  is  picked  down  and  shovelled 
awav,  the  footwall  is  usuallv  brushed  up 
bv  each  pick  boy,  so  that  (he  "  fines  "  of 
the  reef  will  not  be  lost  with  the  waste. 
The  waste  is  (hen  picked  down  and  packed 
l^ehind  the  sto]nng  bo^'s.  Each  stope  has  a 
"  timber  boy,"  who  puts  in  props  to  sup- 
])ort  the  hanging.  Each  jjrop  has  a  good 
head  board. 

When  (he  reef  lies  in  soft  decomposed 
ground  a  s(ope  width  sufficiently  big  for  a 
boy  to  sit  up  in  is  carried,  but  when  the 
count rv  rock  is  hard,  then  the  stoj^es  are 
ke])t  as  narrow  as  ])ossible  so  as  (o  avoid 
blasting.  Many  slopes  are  (o  be  found 
which  have  s(o))ing  wid(hs  varyins:  from  12 
to  18  inches,  and  this  on  a  reef  dipj)ing  at 
only  four  degrees.  Such  a  thing  on  the 
Hand  is  unthinkable.  Jn  these  narrow 
sto]ies  picking  is  substituted  by  chiselling. 
The  reef  is  chiselled  out  until  near  the  end 
of  (he  shif(,  when  each  boy  drills  several 
short  holes.  These  are  blasted  at  the  end 
of  (he  shift  to  loosen  the  reef  for  the  fol- 
lowing day. 
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The  Glyun's  Reef  at  Sabie  is  particularly 
suited  for  clean  mining.  The  reef  can  be 
picked  out  and  sent  to  the  mill  with  the 
inclusion  of  only  two  or  three  inches  of 
waste.  The  country  is  usually  fairly  hard. 
In  some  places  there  lies  oyer  the  reef  a 
slate  from  six  to  twelye  inches  thick,  which 
can  be  barred  down  and  used  for  waste 
packing,  with  the  doiible  advantage  of 
saving  timber  and  of  giving  a  comfortable 
stope-width.  Under  such  conditions  a  12- 
inch  reef,  valued  at  only  10  dwts..  can  be 
made  to  pay.  In  some  mines  where  the 
ground  is  fairly  soft  a  5-inch  reef,  valued 
at  14  dwts..  can  be  made  to  pay.  This  fact 
must  not  be  lost  sight  of  by  people  who  are 
interested,  or  have  the  opportunity  of  being 
interested   in   local   mines  or  enterprises. 

Tfie  Rtef*  ijf  tht  iJi^trict. 
Mount  Aiuhr*ini,  which,  by  the  way,  is 
the  highest  point  in  the  Transvaal,  has  been 
a  constant  gold  producer  for  many  years. 
Most  of  the  work  there  has  been  done  on 
Traders  by  individual  workers,  and  there 
are  still  very  good  chances  of  finding  more 
payable  leaders.  A  small  company,  called 
'■  The  Mountain  Mines,"  has  worked  there 
for  some  time  on  a  flat  reef,  which  has  not 
been  definitely  correlated  with  any  other, 
but  is  probablv  the  "  Finsburv,"  or  U{)per 
Keef  mentioned  in  Memoir  No.  5  by  A.  L. 
Hal!.  Lower  *down  there  are  the  Hutloii 
and  Davidson  Keefs,  on  the  farms  "  Nooit- 
gedacht  "  and  "  Finsbun.'."  These  reefs 
are  in  the  Pretoria  series,  and  are  thin  and 
of  low  grade.  The  Button  Reef,  which  was 
worked  by  a  thirty-stamp  mill  many  years 
ago.  thickened  to  three  or  four  feet  in  some 
plafr-j  The  other  reef  is  thinner  and 
jK)*-:-;  The  exf>erience  gained  in  the  last 
few  yeant  on  the  Language  and  Columbia 
Kill  Shale  I'  "'  *  ows  that  all  shale  reefs 
re'juire   a   gr-  il   of   development.      The 

reefn  are  either  very  good  or  very  poor:  a 
drive  on  thin,  f>«or  reef  will  Hometimes  mont 
une«|»ectcdly  go  into  a  rich  nhoot . 

The  lAin/tufii/r  Href. — This  reef  lien  a 
little  over  I  .flO^J  feet  above  the  base  of  the 
Pretoria  nrri*^  It  ha*!  boon  workcl  with 
%nrrt!%m  by  the  New  Frankfort  Syndicate,  on 
whrw^  profierty  thin  reef,  though  very  thin, 
haA   the    r  ng     feature     of     containing 

very   rich   * ..    lr>cally   known   an    "  rhan- 

n«lii."  Th*<i*  rhanneU  form  very  nuddeiilv 
and    are  tKnindeil    by    well-rlcfincd 

walla.  '  .,,i..it#>|  "    ore    in   rjiiili*    f|  ''         ' 

from    the   ordinary    reef,    il«   chief    i 
^>«ing     the     inrluaion     of     irregular     iiha|H><l 


pieces  of  shale,  which  lie  at  various  angles. 
The  channels  usually  form  from  the  reef 
plane  down  into  the  foot  wall.  A  soft  grey 
pug  ■'  (soft  shale)  is  often  associated  with 
channel  ore.  and  this  "  pug,"  when  met 
with  while  driving  on  reef,  is  often  a  sign 
that  a  channel  is  near  by. 

Belcw  the  Language  Reef,  on  the  New 
Frankfort  ground,  there  are  several  quarts 
leaders  cutting  across  the  formation  and 
carrying  excellent  values  in  places.  In  some 
parts  they  are  very  pyritic,  but  continue  to 
carry  good  values.  This  pyritic  ore  has  not 
been   found    difficult   to   treat   with   cyanide. 

About  250  feet  below  the  Language  Reef 
another  aparallel  reef  exists,  about  which 
very  little  is  known.  A  fair  amount  of 
prospecting  has  been  done  on  this  reef,  on 
and  near  the  property  of  the  New  Frankfort 
Syndicate,  proving  its  consistency  and  con- 
tinuity to  be  more  favourable  than  that  of 
the  Language  Reef,  but  the  values,  so  far 
obtained,   are  very   low. 

The  contacts  between  the  leaders  and 
these  bedded  reefs  have  not  yet  been  found. 
It  is  possible  that  there  may  be  some  en- 
richment   at    the   contacts. 

The  New  Frankfort  Syndicate  is  at 
present  doing  all  its  work  "in  (hick  forest, 
and  the  tracing  of  outcrops  necessitates 
chopping  travelling  ways  with  axes  and  bush 
knives. 

The  Language  Reef  has  been  (raced  for 
some  distance  on  the  farm  "  Morgenzon." 
but  here  the  values  have  been  low,  (hoiigli 
not    altogether    discouraging. 

This  reef  certainly  deserves  more  atten- 
tion, and  there  is  every  possibility  of  otlirr 
payable    portions   of    it    being    found. 

Thr  ('nl„ml,i,i  Hill  Sluil,  }{,,(.— The 
next  Href  in  the  Pretoria  series  is  the 
Columbia  Mill  Shale  Reef.  The  only  ])lace 
where  this  has  been  found  is  above  the  Peach 
Tree  Mine,  of  the  T.O.M.E.  Here  it  has 
iiiuc-h  the  same  characteristics  as  tlio 
Language  Heef,  on  the  New  Frankfort  Syn- 
dicate, and  it  may  be  a  purely  local  patch 
of  repf.  niul  if  so,  it  tonchrs  us  an  im|)(rt- 
ant  h'Ksi  ?i.  naniclv,  not  to  ronfine  our  pros- 
pecting to  certain  horizons.  Ilowevor.  as 
il  i«  proving  to  be  nucIi  an  ex<-cl!cii(  thing 
at  tempt  M  ai*-  bi'ing  in.idi-  (o  find  it  else- 
where 

Where  this  reef  wan  fiiKl  w(irki<l  il  is 
.iboiit  Ur,i)  foot  above  llw  Th.-ta  H.-.-f.  but 
flirt h«T  (*i  the  Sdith  WiHi  jl  is  r.nly  HQ 
feet   above. 
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77/ f  S/iale  Reef.— From  20  to  30  feet 
above  the  base  of  the  Pretoria  series  there 
exists  a  thin  reef,  which  used  to  be  spoken 
of  as  "  The  Shale  Reef."  Tn  recent  years, 
however,  it  has  been  overshadowed  by  the 
Columbia  Hill  Shale  Reef  and  the  Language 
Reef. 

A  rich  ])atch  of  this  reef  is  said  lo  have 
been  mined  at  Messrs.  Burnhani  and 
Munro's  ^line  at  Graskop  (J.  E.  Andersen, 
^/il>r.■<  fiiiff  Chtim  // o/drr.-i'  Jmirn'if,  August. 
1897). 

The  other  reef  now  being  opened  uj)  at 
Frankfort,  a]i])ears  to  be  the  Sh;ile  Reef, 
lying  very  close  to  the  Bevit's  Reef. 

r/ie  nri'if'K  Nref.— This  reef  lies  at  the 
base  of  the  Pretoria  series.  It  can  be  found 
nearly  everywhere,  but  is  usually  only  fiom 
^-in.  to  Sin.  thick.  Like  most  of  the  othe;' 
reefs,  it  has  an  exception  to  the  rule,  and 
at  Frankfort,  on  the  property  of  the  New 
Tiisbon  Perlyn  Co.,  it  carried  excellent 
values  and  was  worked  for  a  long  time. 

The  reef  is  always  easy  to  find,  as  it  lies 
immediately  on  top  of  a  standstone,  which 
is  from  1ft.  to  3ft.  thick.  Under  the  sand- 
stone is  a  breccia,  locally  called  the  "Bevits 
Conglomerate,"  and  under  this  is  the 
"  Giant  Chert,"  then  the  dolomite  series 
begins. 

The  T/ii'tir  Rrrfs. — Tn  many  jilaces  within 
a  few  miles  of  the  village  of  Pilgrims  Rest 
there  are  two  Tlieta  Reef",  called  the  Top 
Theta  and  the  Bottom  Theta.  The  Top 
Theta  lies  within  three  or  fonr  feet  of,  and 
just  under  the  Giant  Chert.  The  Bottom 
Theta  lies  from  30ft.  to  70ft.  lower.  The 
lower  reef  is  the  more  consistent. 

The  horizon  of  these  two  reefs,  taking 
the  Giant  Chert  as  a  guide,  can  be  traced 
over  a  large  area.  Going  South  from  Sabie 
the  formation  on  this  horizon  is  very  much 
decomjjosed,  with  the  conseo,uence  that  pros- 
pecting is  difficult  and  expensive.  The  strata 
are  so  covered  with  surface  soil  that  the 
only  sure  way  to  ascertain  the  ])resence  or 
absence  of  a  reef  is  either  to  put  in  drives 
and  then  rise  and  sink,  or  to  sink  a  surface 
winze  on  a  suitable  slo])e.  Going  north, 
there  is  not  quite  so  much  decomposition, 
and  therefore  ]>ros))ecling  is  easier,  but 
when  the  strata  get  hard  and  staiul  out 
dearly  on  the  hills  the  chances  of  finding 
pavable  reefs  are  net  so  promising  as  in 
Fofter  formations.  Payable  reefs  usually  lie 
in,  or  near,  decom])OPed  ground.  There  are. 
however,  many  places  where  good  reef  lies 
in   hard   dolomite   or  rpiartzite,   bnt    in   these 


cases  the  reef   itself  is  usually  oxidised  and 
therefore   soft. 

On  the  farm  Waterfall  North,  near  Sabie, 
a  small  mill  is  working  on  what  is  thought 
to  be  a  slipped  portion  of  the  Theta  Reef. 
If  this  is  so,  then  a  good  deal  more  pro- 
specting is  certainlv  necessarv  above  this 
mine,   on  the  proper  Theta  horizon. 

Further  north  the  Theta  Reef  has  been 
worked  on  the  farm  Desire  for  a  long  time, 
but  from  here,  going  east  over  hills  which 
terminate  in  a  high  ])oint  overlooking 
Graskop  railway  station,  is  an  area  which 
warrants  a  great  deal  of  development.  I 
say  develoj)menl,  because  the  reef  has  al- 
ready been  found  in  many  places,  and  the 
matter  of  finding  it  in  other  places  is  quite 
easy.  It  has  alreadv  been,  and  is  being, 
mined  near  the  main  road  leading  from 
Pilgrims  Rest  to  Graskop.  The  undeveloped 
area  commences  about  half  a  mile  south  of 
the  road.  Most  of  it  has  been  pegged,  and 
it  is  to  be  hoped  that  some  active  work  will 
be  commenced  on  it  in  the  near  future. 

From  "  Black  Hills,"  north  of  Pilgrims 
Rest,  com))aratively  little  systematic  pro- 
specting has  been  done  up  to  Frankfort, 
where  the  Theta  Reef  was  worked  by  the 
New  Lisbon  Berlyn  Co.  Here  it  was  worked 
for  many  years,  until  most  of  the  oxidised 
portions  of  the  reef  were  taken  out  and  the 
])vritic  ore  left. 

The  Hita  h'e(  f. — This  reef  Ties  from  45  to 
70  feet  below  the  bottom  Theta  Reef,  and 
has  been  mined  only  on  the  Central  mines 
of  the  T.G.M.E. 

The  S/atf  /.V'f'/.— This  reef  lies  about  10ft. 
above  the  "  Slate  INFarker,"  the  latter  being 
a  persistent  band  of  slate  outcropping 
clearlv  for  manv  miles,  and  used  as  a  marker 
in  locating  the  "  Portuguese  Reef."  The 
Slate  Reef  was  mined  at  Black  Hills,  and 
near  the  T.G.M.E.  magazine  there  is  a  small 
payable  jiatch.  Although  this  reef  has  not; 
yet  been  found  in  large  jjayable  quantities, 
it  must  not  be  taken  for  granted  that  pay- 
able patches  will  not  be  found  in  other  parts 
of  the  district. 

The  /'arfin/>ir.<:r  Jfrrf.—The  "  Slaie 
Marker  "  mentioned  above  lies  about  lOOlt,. 
below  the  middle  Chert,  which,  in  turn,  is 
from  300ft.  to  3r)0ft .  below  the  Giant; 
Chert.  A  few  feet  under  the  Slate  Marker 
is  a  series  of  alternating  layers  of  dolcmi';9 
and  chert,  Iccallv  known  as  the  Bread  and 
lintter  Dolomite.  This  is  always  easy  lo 
find,  and  is  an  excellent  guide. 

The  Portuguese  Reef  lies  from  80ft.  io 
llOfl.    bel.Av   the  Slate  Marker.      The  whole 
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of  the  ••  Chi  "  Mine  of  the  T.G.M.E.  wi^ 
on  this  reef,  but  until  recent  years  it  »vas 
thought    to    be    on    the    Beta    Reef.  T^-? 

T.G.M.E.  are  now  developing  the  northern 
extension  of  this  mine,  and  there  is  alreidy 
a  substantial  tonnage  of  payable  ore  u 
sight.  The  Ponieskrantz  North  and  Groot- 
fontein  Mines  are  alsc  on  this  reef. 

On     the     farm     Olifantsgeraanite     sever  il 
thousand   tons   cf   fairlv  good   reef   were   >u' 
veloped,    but    the    reef    has    not    yet    been 
definitely  correlated.  In  my  opinion  it  is  the 
Portuguese  Reef. 

T/ie  (rlijnn'i  Reef. — Of  all  the  reefs  in 
the  district  the  Glynn's  Reef  is  to-day  the 
largest  producer,  and  it  promises  to  greatly 
increase  its  output.  It  is  now  being  worked 
at  Elandsdrift,  Sabie  and  Vaalhcek.  The 
distance  between  the  first  and  third  of  lin'se 
places,  as  the  crow  flies,  is  32A  miles. 
Between  these  points  attempts  have  been 
made  to  locate  other  patches  of  payable 
Glynn's  Reef,  but,  like  the  ether  reefs  in 
the  district,  it  does  not  form  everywhere. 
It  was  mined  some  years  ago  at  ^lacMac. 
From  the  "  Bonnet,"  a  small  kopje  on  the 
road  to  Graskop  from  Pilgrims  Rest,  is  a 
stretch  of  country  terminating  at  Sabie, 
which  reqpuires  a  great  deal  of  sound  pro- 
specting. The  formation  on  the  Glynn's 
Reef  horizon  along  this  area  has  that 
smooth,  soft  aT)parance  which  is  considered  [ 
good  for  the  pres*  nee  of  payable  reef. 

The  area  immediately  south  of  Sabie 
promise*  to  be  a  livel>  nnnine  quarter  soon. 
Nfxt  to  the  Glynn's  Lydenburg  is  liie 
Glynn's  Pretoria  G.M.  Co.,  and  near  the 
latter  is  the  Heather  Syndicate,  a  flourishing 
little    r  ■     n.       In    the    same 

area  *•    '  •-   started   sinking 

for  the  leef. 

N'rth   of    T'  "'  from    where   the     ' 

Waterfall    \\\ .    .    ,     :  Blyde    River,    to 

Vaalhr>ek,  is  another  stretch  of  country 
which  is  likely  to  n>nlain  payable  Glynn's 
P"-''  At  V'aalhoek  this  reef  is  being  dc- 
'  and  mined,  and  is  giving  goo<l 
result*. 

The  i^uide  used  in  lofiking  for  the  Gl vim's 
Href  is  the  "  Blyde  River  Quartz. t«-  " 
Goinif  north  frcm  the  farm  Graskop  this 
'        '  •-  •  .  ■     find,  th*«  av«>raj»f 

feot ,    but    f(oiug 
»outh    to,    and    beyond    Habie,    it    is    not   to 
partly  lo  lis  ' 
■    ^  '  ••  fart   ih'il    it" 

not  apftear  to  b«  to  compact  m  it  is  further 
rif>rlh        T^  ■    ■  r.    another    indi- 

rator    whi.  .      .  m^f    the   Glynn's     j 


Reef,  and  that  is  a  band  of  hard,  bluish 
slate,  which  lies  from  five  to  ten  feet  above 
the  Blyde  River  Quart zite.  Above  these 
two  indicators  there  is  a  strip  of  dolomite 
roughly  one  hundred  feet  thick,  which  I 
call  the  ■■  Black  Dolomites."  This  strip  of 
dolomite  has  a  dai-ker  general  appearance 
than  the  rest  of  the  dolcmite.  and  weathers 
in  such  a  way  that  lumps  of  dolomite  with 
grass  growing  between  them,  form  a  gentle 
slope  on  the  hill  side  instead  of  the  usual 
krantzes.  Moreover,     aloes    grow    among 

these  lumps  more  freely  than  in  anv  other 
part  cf  the  dolomite  series.  These  "  Black 
Dolomites  "  can  be  traced  from  Spitzkop  to 
Vaalhoek. 

The  distance  from  the  Blvde  River 
Quartzite  down  to  the  Glvnn's  Reef  varies 
from   60ft.    at   Sabie  to   leOft.   at   Vaalhoek. 

T/ie  Sfi/itf.ifotie  Reef.  This  reef  is  partlv 
dealt  with  in  the  paragraph  on  the  Black 
Reef  series.  I  am  not  well  acquainted  with 
any  particular  method  of  locating  it 
throughout  the  series,  but  near  Sabie  it  is 
said  to  lie  about  200ft.  below  the  Glynn's 
Reef.  Immediatelv  above  the  reef  there  is 
about  14ft.  of  hard  quartzite,  which  has  a 
sliehtly  bluish  colour. 

This  reef  seems  to  have  undergone  less 
decomposition  than  the  other  reefs,  and  at 
Sabie  it  is  being  worked  for  the  production 
of  iron  pyrite. 

The  Theliiiii  Reef. — This  is  neither  a  ver- 
tical nor  a  bedded  reef.  It  has  been  mined 
for  several  years  bv  the  T.G.M.E.  at  (heir 
Vaalhcek  Mine.  It  forms  only  on  the  west 
side  of  the  Vaalhoek  Dyke  in  lenticular 
bodies  in  the  dolomite,  roughly  parallel  to 
1  lie  dvke.  Most  of  tlip>-e  bodies  are  joined  by 
horizontal  bodies  of  similar  reef,  and  in 
contact  with  the  west  wall  of  the  dyke,  the 
reef  fr  rnied  for  a  long  distance  carrying 
vrrv  high   values. 

The  outcrop  of  this  dyke  can  be  traced  for 
many  milrs,  and  where  it  crosses  some  of 
I  be  upper  n-i'i  horizons  tin  Thelma  Reef  is 
found. 

Thelma  Ucvi  has  not  bct-n  f<.und  very  ex- 
t<HHivcly  under  the  be<ldcd  reefs,  and  this 
fart,  W)Upl«-d  with  its  prciiliar  nature,  loads 
one  to  believe  thai  il  is  formed  partly  liy 
the  rrdriHJfil  ion  of  the  be  Id*  d  reef  iuiiiic 
dinli'ly   above    it 

Vfrtirnl  Itrrh  nnil  l.rmlrrti.  —  Thrnr  are 
ni  and    uiicfrtAin    in    value.       To   ye; 

iiri  i-   w»)iild    require  a  r<r|)arale   pajter. 

In  the  area  loiind  Mt  Anderfoii,  and  from 
the  W.iterfiill  Hiv<  r  to  .Mari«pH  Mountain, 
virtical  quart/   liadci'^  abound.     Some  carry 
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little  or  110  gold,  while  others  are  exception- 
ally rich.  One  leader  recently  opened  up 
gave  294  ozs.  from  20  tons  of  ore  crushed. 
Of  vertical  reefs  there  are  three  being 
worked,  namely  "  The  Kietfontein  Reef," 
"  The  Sunlight  Reef,"  and  the  reef  being 
worked  by  the  "  Hefta  Syndicate."  On  the 
farm  Sabie  Nook  there  are  several  vertical 
reefs,  one  of  which  is  the  Rietfontein  Reef, 
and  which  carries  some  encouraging  values. 
Vertical  reefs  several  miles  further  north 
have  been  located,  but  insufficient  work  has 
been  done  on  them  to  indicate  their  merits. 
They  are  jn-obably  the  same  series  as  on 
Sabie   Nook. 

In  recent  months  considerable  activity  is 
being  shown  in  the  opening  up  and  working 
of  leaders  with  profitable  results  to  the 
"  small  man." 

T/ie  Bhirk  Reef  Seriex. — One  of  the  most 
interesting  belts  of  country  in  the  district 
is  the  long  strip  of  Black  Reef  Series  run- 
ning along  the  edge  of  "  The  Berg,"  almost 
due  north  and  south,  and  extending  from 
south-east  of  Sabie  to  iNlarieps  Mountain. 
From  it  a  great,  amount  of  alluvial  and 
"  leader  "  gold  has  been  won.  Alluvial  dig- 
gings in  this  belt  start  from  the  eastern 
portion  of  the  farm  Snitzkop  No.  39,  but  in 
the  neighbourhood  of  Spitzko])  INFountain 
there  are  other  alluvial  workings  which  lie 
in   the  lower  part  of   the   dolomite  series. 

About  two  miles  north  of  Sabie  there  is 
a  busy  little  group  of  mines  ])roducing  iron 
pvrite  from  the  sandstone  reef.  This  class 
of  mining,  which  has  been  in  vogue  for  the 
last  few  years  only,  is  very  attractive,  owing 
to  its  simplicity  and  cleanliness.  The  Sand- 
stone reef  is  very  pyritic  and  hard.  The 
ore  is  crushed  to  a  coarse  mesh  and  passed 
over  concentrating  tables.  The  concentrates, 
which  vary  in  gold  contents  from  2  ozs.  to 
3  ozs.,  and  in  suljihur  from  40  to  45  per 
cent.,  are  railed  to  chemical  and  exj^losive 
works,  chiefly  for  the  manufacture  of  sul- 
phuric acid. 

Further  north  there  are  the  Mac-"Mac  and 
the  Grasko))  diggings.  Running  through  the 
Grasko])  diggings  is  the  Mali-Dyke,  and  here 
is  the  "  Mali-Dyke  "  gold  mine.  This  mine 
is  most  interesting  in  that  the  reef  is  in 
immediate  contact  with  the  wall  of  the  dyke, 
which  is  vertical.  The  reef  splits  in  ))laces 
and  runs  right  into  the  dyke,  and  even  in 
the  dyke  it  carries  payable  gold.  This  dyke 
is  not  easy  to  trace,  but  what  a))])ears  to 
be  the  !Mali-Dyke  outcrops  at  Waterfall, 
and  there  is  reef  in  the  same  vicinity.  Some 
serious   prospecting    here    might    open    up    a 


payable  mine.  When  the  dyke  has  once 
been  unmistakably  located  in  a  second  place 
the  problem  of  tracing  it  further  afield  will 
be  much  easier.  Its  probable  line  traverses 
the  farms  Lisbon,  Berlyn,  London,  T^edou- 
phine  and  Goedgeloof.  It  is  possible  that 
the  main  dyke  which  runs  through  the  New 
Chum  Mine  is  (he  ]\Iali-Dyke. 

Several  miles  further  north  the  Sandstone 
reef  has  been  found  in  several  places  carry- 
ing fairly  good  values,  but  very  little  work 
has  been  done  towards  proving  the  extent 
and  value  of  this  reef.  One  area  in  particu- 
lar, where  several  good  assays  have  been 
obtained,  requires  development,  and  may 
prove  to  be  a  profitable  ])ropositioii.  Water 
is  a  little  troublesome,  but  could  be  over- 
come with  hand-pumps. 

The  next  im])ortant  area  is  the  one  locally 
known  as  "  Waterfall,"  situated  on  the 
farms  Lisbon  and  Berlyn,  where  there  have 
been  extensive  alluvial  diggings  and  a  fair 
amount  of  reef  mining.  The  New  Lisbon 
Berlyn  Company  did  a  lot  of  work  here 
many  years  ao.  A  small  mill  is  now  in  the 
course  of  erection,  and  alluvial  digging  is 
still  being  carried  on  in  a  quiet  way.  There 
are  two  reefs  here,  called  the  "  Robertson  " 
and  the  "  Pidgeon  "  reef.  They  are  above 
the  Sandstone  reef  and  below  the  Glynn's 
Lydenburg  reef. 

Between  this  area  and  Belvedere  is  an 
area  in  which  some  very  rich  leaders  have 
been  found,  one  of  the  most  noted  of  which 
was  the  "  Tucker  Leader,"  which,  though 
very  narrow,  extended  for  1,400ft.  into  the 
hill  and  ])roduced  many  thousands  of 
pounds'  worth  of  gold. 

Not  very  far  from  here  is  the  "  New 
Chuiii  Svndicate  '  Mine.  This  has  been 
working  for  several  years.  A  main  drive, 
2,000ft.,  has  been  driven  into  a  hill  parallel 
to  a  large  dyke.  This  drive  intersected 
several  small  cross  dykes  and  leaders,  and 
of  the  latter  the  biggest,  which  is  called 
"  Big  Ben,"  runs  right  through  the  dyke. 
The  smaller  leaders  do  not  run  through, 
but  there  are  rich  leaders  on  both  sides  of 
the  dyke.  For  a  long  time  prospectors  have 
maintained  (hat  the  leaders  on  the  east  side 
of  (he  dykes  do  not  carry  gold,  but  this 
belief  has  been  definitely  disproved  at  the 
New  Chum  Mine. 

At  the  Hefta  Syndicate  Mine,  in  (his  same 
area,  nearly  all  the  gold  is  in  (he  form 
of  nngge(s,  and  some  very  fine  specimens 
have  been  obtained.  IMost  of  (he  gold  is 
found   in   a   seam   of  dark-coloured   clay,   in 
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contact  with  a  vertical  reef.  Until  recently 
it  was  believed  that  there  was  onlv  one  gold- 
bearing  horizon,  but  recent  development  has 
proved  that  there  is  payable  gold  at  other 
horizons. 

In  this  vicinity  a  gold-bearing  flat  reef 
has  also  been  found,  but  no  work  has  been 
done  on  it.  It  is  alleged  that  further  north 
there  are  clay  seams  of  possiblv  good  value 
which  have  not  been  developed,  and  no  seri- 
ous prospecting  has  been  done  to  find  others. 

Just  below  the  junction  of  the  Truer  with 
the  Blyde  River,  amidst  beautiful  scenery, 
are  situated  the  '  Bourke's  Luck  "  and  the 
"  Deintje  "'  Gold  Mines.  These  two  mines 
are,  I  believe,  on  the  same  reef,  called  bv 
some  the  "  Bourke's  Luck  "'  reef,  and  by 
others  the  "  Sherwell  "  reef.  I  think  the 
former  theory  is  correct,  and  that  the  Sher- 
well reef  is  lower  down. 

The  Deintje  mine  is  dealing  with  a  pyritic 
ore  containing  a  high  percentage  of  copper, 
and  the  concentrates  are  being  sent  overseas 
for  treatment.  The  Bourke's  Luck  mine  has 
a  large  dvke  running  through  it,  and  asso- 
ciated with  this  dyke  are  numerous  leaders. 
which  in  places  almost  form  a  stock-work. 
These  leaders  have  supplied  practically  all 
the  ore  for  the  mill.  Some  time  ago  the 
mine  closed  down,  but  has  recently  been 
re-started. 

Several  miles  further  north  is  a  baby 
mine,  where  a  little  three-stamp  mill  is  situ- 
ated amongst  the  wild  surroundings  of 
ifarief*^  Kop.  Onlv  vertical  quartz  leaders 
are  being  worked   at    present. 

Comparatively  little  prospecting  has  been 
done    in    i^  ••»,    btit    those   who   know    it 

fairly  wel.  ••  that  it  offers  exrellenl  op- 

portunities for  the  "  small  man." 

Alliirifil  l)rjn,'»ii.  Apart  from  the  allu- 
vial defKMitA  mentioned  under  the  heading 
"  Black  Keef  Series,"  there  is  still  some  gold 
in  the  fanioiin  PilgriniH  Creek,  but  the  b«-ftt 
of  it  has  l>een  taken  out,  and  that  which 
remains  lies  under  thick  overburden.  It 
vill  probably  be  worked  on  a  large  scale  at 
■orr  '  mt  future  date  by  the  owners,  th*- 

T'. 

There  must  l>e  a  great  deal  of  rich  allu- 
vial »  ■  '  I,  »«lr#'trhing  from 
the  far.  i  Kop,  but  unfor- 
tunately a  f^reat  deal  of  it  has  been  covered 
with    viTV    thick               «•   noil,       A    rrmsidrr- 

able  amount   of   ^ il  gold   ha*  be<>n   won 

on    the    north    and    south    sides    of    Spitzkop 
Mountain,    also    at     llcndrikMlal    and     I<<>h* 

llill       Thes*.    pla <•    not    trJally    ••    •'      I 

out,   but   the   r<  j,    ground    is   <; 


to  handle.  Large  quantities  of  alluvial  gold 
have  been  won  from  the  farms  Nooitse- 
dacht,  Finsbury  and  Natalshoop.  Though 
there  is  little  alluvial  digging  going  on  now 
the  news  of  "  rich  strikes  "  is  periodically 
heard. 

ri/ritic  Ore<. — The  production  of  iron 
pyrites  has  become  an  established  industry 
in  the  district.  The  main  producers  are 
the  mines  on  the  Sandstone  reef  at  Sabie; 
next  to  these  are  the  Rietfontein  and  the 
Deintje  gold  mines. 

The  New  Lisbon  Berlyn  Company's  Mine 
at  Frankfort  contains  an  enormous  quan- 
tity of  sulphide  ore.  but  unfortunately  this 
ore  and  that  at  Deintje  are  too  refractory 
for  the  ordinary  treatment  of  iron  pyriLe 
now  in  vogue  at  the  various  explosive  and 
chemical  works.  There  are  several  other 
places  in  the  district  where  sulphide  ores 
exist,  notably  at  the  North  Clewer  Mine  of 
the  Pilgrims  Rest  Consolidated  Goldfields, 
Ltd. 

Unfortunately  all  the  local  pvritic  ores 
cannot  be  disposed  of  as  many  of  the  com- 
])anies  producing  ex])losiyes  and  sulj)hiiric 
acid  are  importing  most  of  the'r  require- 
ments from  Spain.  The  demand  for  local 
concentrates    is    decreasing.  Only    a    few 

weeks  ago  one  explosives  company  closed 
down  a  part  of  the  roasting  plant  which  was 
used  to  treat  the  local  pyrities,  and  con- 
verted  it    to  treat   Spanish  ore. 

Tt  is  hoj)ed  that  the  Government  will  in- 
vestigate this  question  thoroughly  and  helj) 
to  build  up  our  local  industry,  as  it  would 
be  a  calamity  if  local  mining  pro]iositions 
which  have  been  eqtiipprd  and  started 
working  have  to  be  closed  down  broause 
thev  cannot  compete  with  the  Spanish  ore. 
Thr  loss  to  this  coiintry  is  greater  than  at 
first  appears,  for  most  of  I  ho  local  pyritic 
ores  contain  high  gold  values,  whereas  the 
imported   ore  <v)ntaiiis   no  gold   at    all. 

In  conclusion,  1  wish  to  express  my  hope 
that  these  brief  notes  will  be  followed  by 
I'beral  discussion  and  constructive  criticism 
from  the  many  mining  men  atul  prospectors 
who  havo  detailed  and  valnablp  knowledge 
of  varnns  pariM  of  the  district. 

Prof.  G.  A.  Watermeyer,  m  asking 
tlujhc  pri.itlil  l(.  |)a  >  .1  voir  of  lluiliks  to 
thr  author  for  his  exceedingly  interesting 
dincription  of  the  diHtrirt.  xaid  he  wan 
afrai<l  h<<  <-ould  not  criticifi*  the  paper  as 
)\p  ha«l  but  n  liiniiod  a(r|iiaintaii<-<>  with 
I'llgriiiii'  Kfit  III*  had  vicilrd  it  (Ui  ono 
o<vH«ioii.  but  hiN  knowU-dgo  cxtrndiMi  more 
to   thr    MurbiTlon   district,      ilo   notici'd    I  ho 


86  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Nov.,  1921. 


author  lamented  the  want  of  better  prospec- 
tors. His,  the  speaker's,  experience  of  the 
prcspector  was  thai  while  he  was  without 
money  and  had  to  live  on  a  l)ag  of  niealie 
meal  a  month  he  often  dis))layed  more  inlel- 
ligence  than  the  man  with  money,  but  when, 
after  discovering  and  disposing  of  a  pro- 
perty he  found  himself  comparatively  afflu- 
ent, his  intelligence  fell  short  of  enabling 
him  to  keep  what  he  had  gained.  His  money 
was  soon  spent,  and  he  had  to  begin  again. 
The  unfortunate  part  about  the  deposits 
in  the  district  to  which  he  was  referring  was 
the  want  of  continuity  in  value.  A  case  in 
point  that  he  remembered  was  that  of  de- 
velopment done  for  about  300ft.  horizontal 
on  the  reef,  which  gave  remaikably  good 
values;  it  was  thought  good  enough  to  sink 
on  it,  they  sank  something  in  the  neigh- 
bourhood of  200ft..  and  the  good  values  held 
through    all    that    distance.  Immediately 

they  started  st oping  and  getting  a  little 
more  than  three  feel  from  their  drives  and 
winzes  the  values  gave  out.  The  property 
was  bought  on  thai  develo])ment,  and  al- 
though a  great,  deal  of  st  oping  was  done  off 
these  drives  and  winzes  they  did  not  get 
their  money  back.  Fie  had  ]ileasure  in  pro- 
posing a  very  hearty  vote  of  thanks  to  Mr. 
Hell   foi"  his  verv  interesting  paper. 

Mr.    J.    A.    Woodburn     bad  great  plea 
sure  in  «-.uppotting  the  vote  of  thanks  which 
had  just  been  pro])osed. 

He  had  spent  three  years  in  the  Pilgrims 
Kest  district  about  25  years  ago,  and  last 
July  he  rode  over  the  greater  portion  of  it 
during  a  fortnight's  holidav  there.  One 
])oin(  which  had  struck  him  when  he  arrived 
in  the  district  25  years  ago,  and  which  had 
liern  confirmed  recentlv.  was  this,  that 
while  about  19  or  20  reefs  had  been  men- 
tioned that  evening  as  occurring  in  the  dis- 
trict, he  did  not  know  of  a  single  instance, 
nor  had  any  ever  been  brought  to  his  notice 
where  either  in  the  shales  above  the  dolo- 
mite were  two  reefs  worked  immediately 
above  each  other  on  the  same  pro])ertv,  nor 
in  the  iip])er  dolomite  above  the  Blyde  Kiver 
quartzite  (or  middle  sandstone)  were  two 
reefs  worked  on  the  same  hill  or  in  the  snnu 
mine,  one  imnir  diatplv  above  the  other: 
nor  ill  the  lower  dolomite  below  the  middle 
sandstones  were  two  reefs  worked  one  above 
the  other  in  the  same  property.  One  was 
inclined  to  think  that,  therefore,  if  there 
were  so  many  reefs  there  was  only  one  that 
seemed  to  be  workable  in  each  of  those 
j)articular  are.=»s.     He  had  had  an  experience 


of  a  reef  in  the  shales,  not  exactly  in  the 
Pilgrims  Rest  district,  but  in  the  Pretoria 
Shalee,  corresponding  to  the  Button  or  Fins- 
buiy  reef  where,  apparently  two  outcrops, 
one  50  feet  above  the  other,  ])i-oved,  on 
development,  to  be  one  and  the  same  reef. 
The  two  outcrops  were  distinctly  seen  two 
to  three  feet,  and  up  to  six  feet,  in  thick- 
ness, the  lower  outcrc])  being  traceable  for 
a  considerable  distance,  the  other  outcrop 
being  found  on  the  slope  of  the  hill  fully 
50  feet  higher  up.  The  natural  dij)  of  the 
formation  was  to  the  west.  A  drive  was 
started  in  an  easterly  direction  from  the 
i"j)))er  outcrop  and  another  drive  in  a 
ncrtherlv  direction  from  the  lower  outcrop. 
When  about  400ft.  in,  the  drive  from  the 
lower  outcrop  suddenly  rose  up  about  13ft., 
then  went  for  another  100ft.,  aud  then  rose 
up  30ft.  or  40ft.,  the  leef  continuing  in 
the  drive,  and  finally  connected  with  the 
eastern  drive  from  the  upper  outcrop.  Now 
the  impression  he  had  was  thaF  a  similar 
thing  probably  occurred  in  the  Pilgrims 
Rest  district,  both  in  the  shales  and  in  the 
dolomites.  They  were  not  true  bedded  reefs 
in  the  sense  of  having  been  laid  down  at  the 
same  time  as  the  dolomites,  consequently  it 
was  a  natural  conclusion  that  (hey  might 
occur  in  various  zones,  although  they  were 
aparently  interbedded  over  considerable 
areas. 

With  regard  to  the  Vaalhook  mine  which, 
together  with  Klandsdrift  mine,  were  the 
only  two  important  discoveries  which  had 
been  opened  u]i  geologically  during  the  last 
25  years,  the  others  were  merely  continua- 
tions of  what  had  been  fovmd  before.  Vaal- 
hoek  reef  was  said  to  be  100ft.  or  120ft. 
below  the  Plyde  River  quartzite.  There  was 
no  doubt  about  this,  because  this  quartzite 
was  20ft.  to  30ft.  thick,  and  exposed  on 
the  slo])e  of  the  hill  above  the  mine.  Quite 
recently,  when  at  Sabie,  while  discussing 
the  matter,  a  thin  band.  Din.  to  18in.  thick, 
was  shown  him  of  Plvde  River  quartzite 
occurring  about  fiOf t .  to  80ft..  above  Glvnn's 
T^'denburg  Reef.  He  expressed  great  doubt 
on  the  matter,  because  as  far  as  his  memory 
went  there  were  20ft.  to  30ft.  of  quartzite 
in  the  dolomite  u])  on  the  hill  between  Sabie 
and  Spitskop,  and  it  was  his  impression  that 
this  small  band  of  quartzite  had  been 
wrongly  taken  as  Blyde  River  quartzite.  The 
exact  horizon  between  Glynn's  Lydenburg 
and  Vaalhoek  Reefs  was  not  comparable, 
because  Glynn's  Lydenburg  Reef  was  only 
about  100ft.  above  the  base  of  the  dolomites, 
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while  the  Vaalhoek  Reef  had  several  huu- 
dred   feet   of  dolomite  below   it. 

He  did  not  want,  however,  to  couvev  the 
impressiou  because  only  one  workable  reef 
was  found  in  each  of  these  formations  that 
prospecting  should  not  be  carried  on  along 
those  horizons,  but  he  did  think  a  little  more 
correlation  and  a  little  more  information 
geclogically,  particularly  with  regard  to 
dykes,  faults  and  flowsheets,  would  greatly 
assist  the  further  development  of  that  most 
interesting  district.  It  was  one  of  the  most 
interesting  mining  districts  outside  that  of 
the  Rand,  and  he  certainlv  was  of  the  opin- 
ion that  quite  a  number  of  valuable  pro- 
perties, not  very  large  probablv.  but  cer- 
tainly valuable  from  a  payability  point  of 
view,  would  yet  be  opened  up  in  the  Pil- 
grims Rest  district. 

Reference  has  been  made  to  Elandsdrift. 
Ti>cre.  there  wa.s  an  occurrence  which  rather 
supported  the  opinion  he  had  expressed  that 
the  same  reef  might  take  different  positions 
in  the  dolomite  formation.  There  they  had 
three  reefs  within  24  feet  of  each  other. 
Only  one  of  the  three  was  wcrked  as  being 
sufficiently  valuable  to  the  mine,  and  was 
intcrbedded  in  the  dolomite  over  a  consid- 
erable area,  but  at  one  portion  of  the  pro- 
perty it  looked  to  him  as  if  the  three  reefs 
had  been  joined  together  bv  a  huge  body 
of  quartz.  This  body  was  found  practically 
at  the  surface  and  •  .eral  hundred  feet 

long    and    fullv    a  i    Itroad,    and    was 

locally  called  "  The  Blow,"  the  interbedded 
reefs  ?  into  it.  This  body  gave  very 
high  ...  and  many  rich  specimens  show- 
ing visible  gold  were  found  in  it.  Similar 
occurrtncen  on  a  minor  scale  could  be  noted 
a»  '->-''  'IS  other  parts  of  the  district.  The 
t\  .:  n  of  an  up|>«r  and  lower  Theta 
reef  rather  bore  this  out,  and  it  seemed  to 
hi        "^    *     I, -.,11..    niore    carefullv    de- 


more    information, 
nolirrd  !  ■   ' 

lrx>k*rd    1. 
Dyke,     or     similar 

about   fi'  •  " 
lion»   of 


i  lead  to  a  great  deal 
For  instance,  he  had 
'  Klandtwlrift  what 
loii  of  the  Mali- 
parallel  dyke  running 
':,  and  various  indica- 
iiing  from  the  dyke, 
and  thrre  is  little  doubt  thai  this  has  had 
lome    influence    in    raiming    r'  il>l<*    do 

eomf>oaitiori  of  the  Klrala  aii-i  ••>  •'  on  thr> 
value  of  ^old  in  the  reefs  in  the  ininiedialr 
vicinity. 

T  the    vrry    narrow     ■ 

.     .If      Bell    a«    worke«l    

trirt.   he  roiild   cr»rrol»orale   lhi«,   as  he  had 


crawled  around  practically  horizontal  stopes 
in  the  sandstone  reef  at  Sabie,  which  were 
less  than  18in.  high,  and  the  reef  was  very 
hard  and  required  drilling  and  blasting, 
and  it  would  be  an  object  lesson  to  many 
Rand  men  to  see  how  little  waste  rock  was 
mined  from  a  reef  which  was  only  Bin.  to 
ISin.  thick,  with  a  verv  strong  hanging  and 
foot  wall. 

While  he  was  delighted  to  hear  the  des- 
cription that  evening  which  ^Ir.  Bell  had 
given — because  he  had  given  a  very  ex- 
haustive description  of  the  whole  district — 
he  thought  the  information  during  the  -5 
years  cf  which  he  had  sjioken  was  very  ])oor 
indeed  for  the  amount  of  work,  develop- 
ment and  prospecting  which  had  been  done. 
The  information  he  had  no  doubt  was  held 
bv  manv,  but  he  thought,  if  published,  it 
would  be  greatly  to  the  benefit  not  only  of 
the  district  itself,  but  to  the  mining  com- 
munitv   of   the  countrv. 

The  President  was  pleaded  that  the  dis 
cussioii  had  begun  so  well,  and  thought 
they  should  be  greatly  obliged  to  Mr.  Bell 
for  his  paper.  Mr.  Bell,  by  rea.-on  of  bis 
intimate  knowledge  of  tlie  district,  obtained 
through  several  years  of  exploration  and 
prospecting,  was  particularly  suited  to  speak 
on  this  subject.  Tn  these  depressing  days  il 
was  refreshing  to  hear  of  so  many  gold 
reefs  spread  over  such  a  vast  country,  and 
over  so  many  horizons.  He  thought  that 
perhaps  Mr.  Bell  did  not  describe  the  de- 
lightful climate  sufTiciently,  the  natural 
l)eauties  of  Pilgrims  Rest  district,  and  the 
facilities  j)rovided  by  nature  for  cheap 
mining  bv  the  small  man  and  syndicates. 
He  hoped  this  would  be  the  beginning  of 
a  valuable  disrussioii  on  the  district.  He 
thought  Mr.  Bell  might  have  enlarged  on 
the  minerals  found  in  the  various  reefs. 
He  would  rffer  members  to  a  jiapor  on  the 
metallurgy  of  the  district  bv  ^I^.  Robert 
I^indsay.  published  in  our  Join  mil  in 
April,  1917,  which  he  ihouglil  miglil  be 
lead  a"  complement ary  to  I  lie  paper-  of 
Mr.  Bell.  These  two,  and  the  fieological 
Kurvev  Memoir  No.  T),  referred  to,  would 
give  the  reader  an  pxcellent  idra  of  tin* 
district  from  a  geo|r)gira1,  mining  .'iml 
metallurgical  Htaiidpoint.  lie  hoped  it  would 
be  llio  monuN  of  crefitini,'  renewed  inter«'><t 
lis  manv  g'dd  rei-fit  wore  \\\v  brnid  and 
butter  of  the  miner  of  the  district  lo-dav. 
and  ho  hoped  tlioy  would  bo  (li<>  itiMpiriit  ioii 
hikI  iIio  liv«'!diood  of  llio  t'OiMMdl  ion  of  In 
morrow. 
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COAL   PILLAR   EXTRACTION  FROM 

TWO  SEAMS,  AND  SURFACE 

EFFECTS. 


By   Willi.\m  Taylor  IIeslop, 
:\r.I.M.E.,    F.G.S. 


{I'rinteil    in    Journal,    October,    1921.) 
DISCUSSION. 

Mr.  J.  A.  Woodburn:  When  I  v/as 
listening  to  Mr.  lleslop's  jjaper  last  month 
I  was  reminded  of  similar  jjroblems  in 
Lanarkshire,  Scotland,  twenty-five  to  thirty 
years  ago. 

There  were  in  Lanarkshire  at  that  time 
seven  or  eight  workable  seams  in  the  same 
colliery,  and  the  Pyotshaw  and  Main  seams 
had  from  5ft.  to  15ft.  of  rock  intervening, 
and  the  Splint  and  Virgin  seams  had  even 
less  rock  between  the  beds  of  coal,  and  the 
management  at  that  time,  in  manv  collier- 
ies, had  (heir  own  methods  of  working,  and 
many  discussions  arose  as  to  the  best  and 
most    economical. 

Evidently  the  method  described  by  Mr. 
Heslop  is  a  Stoop  and  Room  or  Pillar  and 
Stall  method,  but  in  Scotland  the  Longwall 
system  gave  i)lace  to  the  Stoop  and  Room 
method  under  these  conditions  long  ago,  and 
all  the  modifications  of  working  were  varia- 
tions of   the   Longwall   system. 

My  memory  of  the  method  employed  was 
that  the  lower  seam  was  worked  first,  and 
the  iijiper  seam  was  worked  immediately 
afterwards,  the  face  of  the  ujiper  being  not 
far  behind  the  face  of  the  lower,  and  the 
same  main  loadways  were  used  for  both 
seams. 

T  have  referred  to  some  old  transactions 
of  the  Mining  Engineers  on  this  jioinf  and 
have  found  that  in  .June,  1902,  three  i)apers 
were  read  before  the  IMining  Institute  of 
Scotland  on  "  The  Working  of  Contiguous 
or  Nearly  Contiguous  Seams  of  Coal,"  and 
a  perusal  of  these  papers  woidd,  no  doubt, 
be  of  great  interest  to  Mr.  llej-lop,  who  says 
he  studied  the  South  vStafTordshire  methods, 
but  could  not  get  the  help  he  wanted  there. 

In  the  first  of  these  papers,  by  Mr.  John 
Hogg,  he  describes  the  working  of  the  Pyot- 
shaw and  Main  Coals,  where  anvlhing  un 
to  12ft.  of  Dark  Fakey  Blaes,  with  sand- 
stone ribs,  intervene  between  the  two  seams, 
and  he  summarises  in  the  following  remarks: 

It  appears  that,  where  the  intervening 
strata  exceed  6ft.  in  thirkness.  it  would  be 
more  profitable  to  work  the  Pyotshaw  seam 
first,   and    where   the  strata   are   6ft.    or  less 


in  thickness  the  Main  coal  should  be  worked 
first . 

The  Pyotshaw  is  the  upper,  and  the 
Main  is  the  lower  seam,  and  each  is  about 
4ft.   in  thickness." 

In    the    second    paper,    by    INlr.    Thomas 

Moodie,   the  following  remarks  were  made: 

The    lower    seam    was    worked    first    on 

the    Longwall    princijile,    leaving    the    upper 

seam   as  a  roof   for  these  lower  workings. 

"(2)  The  working  of  the  under  leaf  is 
carried  forward  a  distance  of  600ft.,  or 
thereabouts,  and  then  the  u})])er  leaf  is 
worked  back,  and  the  same  roads  being  used 
as   in   the  under  working. 

"(3)  These  seams  have  at  ])laces  been 
worked  both  in  advancing  order,  the  first 
working-face  being  ke]>t  about  90ft.  in 
front  of  the  second  working-face,  a  system 
which  is  perhaps  advisable  where  the  roof 
above  the  upper  seam  is  firm  and  strong. 
Rut  simultaneous  working  on  the  same  road 
is   object ional)le   if    the   roof   be   soft." 

These  remarks  ajiplv  to  two  seams  being 
worked    in    Fifeshire. 

Dealing  with  the  Main  and  Pyotshaw 
seams  in  Lanarkshire,  the  following  remarks 
were    made  :  — 

"  W^here  the  intervening  strata  are  2ft. 
thick  pillars  are  formed  in  the  ]\lain  Coal 
seam  on  the  usual  Stooj)  and  Room  system, 
propping  up  the  midstone  in  the  openings 
made  in  the  JNIain  Coal  seam.  The  pillars 
measure  100ft.  square,  and  it  is  necessary 
to  exercise  great  caution  while  stoops  are 
being  removed." 

For  a  while  the  hardness  next  the  pave- 
ment was  the  despair  of  the  miners,  and 
was  a  matter  of  great  perplexity  to  the 
management,  leading  to  the  adoption  of 
com])ressed  air  coal  cutting  macliines  and 
a  change  of  the  method  of  working  from 
Stoop  and  Room  to  the  Tiongwall  system. 

The  method  of  working  tlie  Pyotshaw 
(up])er  seam)  and  forming  the  roadways  is 
as   follows :  — 

The  roads  which  were  formed  in  (he  first 
working  (lower  seam)  are  suitable  for  bring- 
ing back  the  I'yotshaw  seam  in  the  second 
working,  and  this  is  done  without  any  fur- 
ther  building    in    the   second   working. 

The  third  ])a]ier  is  by  Mr.  Thomas  Arnot, 
and  deals  with  the  Splint  and  Virgin 
seams,  which  have  a  section  somewhat  as 
follows :  — 

Splint  Coal:    3ft.  Sin. 
Rlaes:    6in.    (o   6ft 
Virgin    Coal:     2ft.    4in. 

Regarding    (he    method     of    working,    he 
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says :  ' '  Where  the  two  seams  were  first 
fouud  together  a  small  district  was  opened 
out  on  the  Longwall  method,  working  botn 
seams,  but  it  was  soon  found  that  this 
method  could  net  be  continued  owing  to  the 
soft  nature  of  the  roof  lying  above  the 
Splint   seam." 

And  he  winds  up  his  remarks  by  saying : 
"  Where  two  seams  similar  to  those  above 
described  occur  together  in  a  sufficiently 
large  area,  it  would  be  the  best  method  of 
working  to  take  the  lower  seam  iiist,  but  no 
difficuliy  has  been  exf.erienced  in  working 
the  Virgin  seam  after  the  Splint  coal  has  all 
been  extracted." 

It  appears  to  the  writer  that  the  inaugur- 
ation of  the  Longwall  work  in  Natal  would 
fot  onlv  be  a  safer  and  simpler  method,  but 
would  enable  more  round  coal  and  therefore 
less  dross  to  be  produced,  which  would,  no 
doubt,  add  to  the  value  of  the  output  as  a 
whole. 

It  is  alwavs  a  difficultv  to  anv  manager  to 
-tart  an  entirely  new  method  of  working  to 
that  which  ha.s  been  an  established  custom, 
Knf  one  section  of  the  mine  might  be  selected 
aii'l  a  trial  made,  and  after  a  few  months 
the  men  and  boys  working  in  this  section 
wo  lid  get  familiar  with  the  altered  condi- 
i:'jiis  and  gradually  the  improved  efficiencv 
would  \>e  apparent,  and  lead  to  the  adoption 
of   the  system   in  the  whole  area. 

In  Stoop  and  Hf>oni  or  Board  and  Pillar 
work  the  roof  caniiot  \}e  controlled  with  anv- 
'hing  like  the  regularity  of  Longwall  work.  | 
and  that  is  the  real  benefit  got  by  the 
'ihange,  and  experience  would  Hoon  deter- 
mine the  di.«ttance  apart  l)etween  the  working 
•'  '.  '•  of  the  lower  •eani  and  that  of  the 
.i[>j^?r   neani    l*eing    worked    behind. 

If  the  iiaiidfitone  l>etween  the  two  seamn 
vrere  ripped  down  in  the  roadways  and  UHed     I 

rrx)f  of  the  lower  seaiiif 

,     ....^...      ..;le   on    these    packs   and 

r.  <)'!'<    fKi    distance  to  the  roof  of  the  upper 

h    should    be    ra-ilv    mined    owing 

■»   w         •    -'ire  of   the   bending  xtrata. 

The  <ii  ta/i'e  the  faa?  of  the  upper  Hcani 
vTM  •llowed  to  l«e  behind  would  be  deter- 
mined '  re,  an  loo  much  ranti 
lever  n..»..  ...,.  ....  coal  and  make  it  too 
toMf^h,  and  ton  little  cantilever  would  make 
•  he  two  W'  of  t(nt  grenr  a  height,  no 
thai  the  e<.,ii.,,,,..jil  dint''-'  -'uld  have  to 
be  arrived  at  from  ]•  exjHTienr*-  , 
but  I  feel  oertain  the  l^ingwall  methrMi  of 
r---^  '--^  I  .»  .V,  lower  fimt  and 
'                                                     .   t>e  a  belter  and 


more  economical  method  than  the  Pillar  and 
Stall   method   of  working. 

Mr.  Ileslop's  remarks  t e  cantilever  pres- 
sure are  most  interesting,  and  now  that  the 
Rand  mines  are  reaching  such  great  dej)ths, 
although  the  strata  in  these  mines  are  ex- 
ceptionally hard  compared  with  coal  strata, 
yet  the  same  evidences  of  cantilever  pressure 
is  now  being  observed,  and  the  same  prin- 
ciples apply,  the  onlv  difference  being  one  of 
degree,  and  Mr.  Hcsloj^'s  remarks  should  be 
carefully  studied  by  all  Eand  Mining  men. 

The  meeting  then  terminated. 


Notices  and  Abstracts  of  Articles  and 
Papers. 

CHEMISTRY 

Salts  Rkkixing  Plants  at  Owkn'.s  anm) 
Skaki.k's  I.,AKns.— "Tlic  f()li<)\vin}>;  is  an  alistract 
of  a  report  on  tlie  nietliods  of  production  of 
soda  a^li.  borates  and  potasli  from  these  lakes 
in  C'aiitornia.  Owen's  liake  is  the  principal 
source  of  natural  carbonate  of  soda,  while 
Hearle's  Lake  jiroducos  considerable  ])otasli  and 
bora.v.  Tlie  amount  of  rocovcrabio  alkali  is  not 
unlin'itt'd,  l)ut  is  sufficient  to  moot  dcniands  for 
many  years.  Owen's  hake  is  approximately  IM 
miles  by  S  miles,  with  a  rate  of  evaporation  of 
40  in.  per  year.  The  (piantity  of  salts  con- 
tained in  its  brine  is  estimated  to  lie.  in 
million    metric    tons:        .Na.C^o      4(JU ;    NaHC'o. 

11(18;     Na.So^     19  4;     NaC'l     515;     KCl     ooli] 

Analysis    of    Owen's    Lake    A\'ater. 

S|).    Kr 1.-2-2-2  at    l.",..-)'^C. 

Total    Salts      L».-).r).{  ■) 

1!   O  .  .   71  17    ) 


Na.Co,       ...    . 

.    ...     h:\'2 

NaHCo 

1  .s.-, 

.N'a.So         

.    ...     .{.77 

NaCI      

.    ...     987 

KCl 

.    ...     0.6-t 
LOS 

.Searie-   Lak«'  is  nituuterl   in  a  liasiii.  of  which 
It    occupies    the    cr-iitre    depr<>ssi<in.  This    is 

iipproxitiiiitely     12    M|.     miles     in     extcMit.  Its 

siirfHce  is  composed  ot  (piite  pure  sodium 
<  hloride.  Heiieath  this  is  the  "crystid  liody," 
II  coarM'ly  crystalline  deposit  containin^r  n 
biru*'  VHriety  of  Hlkuli  minerals,  The  crystal- 
Inio  depiisit  in  from  ii-'i  to  75  ft.  in  depth,  uiid 
id  MHturateil  to  uithin  a  few  iiH-lieN  of  the  nim- 
fiice  with  H  brine  of  tin'  following  coin|iosition  : 

NiiCI  1(1. VI 

KCl  4H'2 

.Nn^COj  I  -:' 

NhJI,0  I  .V) 

Nil  S.I  7  l«l 


II  O 


o:.  itj 
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"This  hrine  is  estimated  to  occup.v  from  20 
to  40%  ot  the  volume  of  the  crystal  body,  its 
KCI  content  is  estimated  at  eight  million 
tons  and  the  borax  content  at  four  million 
tons.  This  does  not  include  any  salts  that  may 
be  added  to  the  brine  through  .solution  from 
the   "cry.stal  body." 

"Production  at  Owen's  Lake  is  largely  con- 
fined to  tiiat  of  carbonate  of  soda.  At  one 
recovery  plant  brine  from  tiie  lake  is  pumped 
into  a  series  of  .solar  evai)()rating  ponds  in  the 
spring;  The  brine  as  it  becomes  concentrated 
in  the  first  pond  by  evaporation  is  run  into 
a  second  pond  of  the  series,  the  first  ponil  Iteing 
again  filled  with  fresh  brine.  This  is  continued 
until  a  sufficient  amount  of  .sodium  carbonate 
is  contained  in  the  ponds  to  give  the  season's 
crop  of  trona.  Toward  tiie  winter  the  nights 
become  cool  and  sodium  carbonate  and  sulphate 
crystallize  out  as  (lecaliydrate.  When  tliis  is 
(•om]ilete.  the  mother  li(|Uor  is  drained  oft'  and 
the  resulting  trona  is  harvested.  It  is,  after 
air  drying,  melted  in  a  furnace.  The  molten 
carbonate  runs  in  a  tiiin  stream  into  a  ;)la>t 
of  air  which  produces  a  globular  product 
analysing    55%    Na.,0 ;    less    than    25'^,,    Na^So^, 

and  a  small  amount  of  NaCl.  Another  plant, 
after  sohir  evai)oration  of  the  lirine  to  satura- 
tion, jximps  the  licpior  to  a  carbonating  tower, 
l)recii)itating  sodium  bi-carbonate ;  the  crystals 
are  sei)arated  by  filtration,  air  dried  and 
melted  in  a  furnace,  producing  sodium  carbon- 
ate,   Mhicli    is  ground    and    screened. 

"At  Searle's  liakc  ))rinc  is  olitained  from 
wells  drilled  in  tlie  salt  l)ody.  This  is  fed  to 
trii)le  effect  evai)orators,  and  a  hot  solution  con- 
centrated with  resix'ct  to  KCI  is  obtained.  This 
is  cooled  rapidly,  first  with  raw  liiine  and  then 
by  refrigeration  and  a  crop  of  KCI  crystals 
produced.  The  cry.stals  are  separated  from  the 
mother  li(|Uor  in  centrifugals.  This  refined 
potash   contains   92-84%    KCI   and   ;i98%    water. 

"Another  process  u.sed  at  Searle's  Lake  has 
as  diNtinctive  features  the  use  of  solar  evajjora- 
tion  and  fracticnial  crystallization  at  different 
concentrations  and  temperatures,  the  brine 
being  so  manij)ulate(l  tliat  the  various  salts  are 
deposited  in  diH'erent  jjonds." — L.  W.  Cn.\i'- 
M.\.v,  Clii'in.  (iihI  Met.  Engineering,  April  20, 
192L  p.  68;i     (F.W.) 


Low-cH.vuK  Cyanide.  —  Low-grade  cyanide 
manufacture  by  the  American  Cyanimid  Co.  at 
Niagara  Falls  is  coming  into  general  u.se  in  the 
Cobalt  district,  Ontario,  and  to  some  extent  is 
replacing  the  higher  grade  article  manufactured 
by  the  Cassel  Cyanide  C!o.  of  (JIasgow,  Scotland. 
The  reason  given  for  using  the  low-gratle 
material  is  a  saving  in  costs  which  moie  than 
comjiensates  for  the  added  inconvenience. — Mm. 
and  Srirn.  I'rr.is,  August  21,  1920,  i).  288. 
(C.  J.  G.) 

TxKAT.MhlNT  OF  IMlOSI'HATKS  IIY  CALCINATION 
WITH     A     ViKW     TO     TllKIIt     KmI'LOYMKNT     AS     PnOS- 

I'liATic  Fkutimskks. — (1)  Proce.ss  (Wolter  Phos- 
phate).—At  lea.st  1,200°  C.  100  parts  of  phos- 
I)horite.  70  of  acid  soda  sulphate,  20  of  calcium 
carbonate;  22  of  sand,  and  6  to  7  of  carbon  are 
melted.  The  product  when  cooled  is  broken 
up,  dessicated  and  pulverised.  (2)  Process 
(D.H.P.  240S75).— Crude  phosphate  is  melted 
at  2,CJO0°  C.  until  a  test  piece  when  cooled,  pul- 


verised,    and     treated      with     diluted      SO^H^ 

coagulates  albumen.  {',\)  I'rocess  (D.R.P. 
2714()9>  (Phosphate  Rhenania). — Phosphorites 
reduc-ed  to  fragments  are  mixed  with  silico- 
I^otassic  rocks,  heated  in  special  furnaces,  with- 
out attaining  melting  jioint,   until   all  hardens. 

(4)  Process — Ph()s|)hatic  substances  are  melted 
with  a  certain  amount  of  lime  and  silica  so  as 
to     obtain      the     c-ombination     SCaO.P  ,0  SiO ,. 

2      o  2 

(5)  Pioc-ess. — Crude  phosphates  arc>  heated  wrth 
CaCI,.  or  MgCl.,.     The   HCl  liberated   solubilises 

the  phosphate.'  ((J)  Proc-ess  (D.K.P.  258790).— 
Crude  ])h()sphate  is  melted  with  artificial  sili- 
cates. The  fused  nmss  obtained  is  pulverised 
by  aid  of  a  c-ui-rent  of  steam.  (7)  Process. — 
Tetraphosjihate  (Italian  invention  )is  obtained 
by  calcination  or  finely  |)uiverised  i)hos])hates 
with  which  6  per  cent,  alkalino-tei  leous  car- 
bonate is  mixed.  (8)  I'l-ocess. — Tiie  pliosplioi'ic 
acid  of  natural  ])h()s])liates  is  made  soluble  in 
citi'ate  by  moderate  heating  with  carbon,  lime, 
wood,  or  petroleum.  (9)  Process  (D.K.P. 
715587). — Mixtures  of  phosphates  of  alumina 
are  calcined  at  a  temperature  of  at  least 
1150°  C.  with  magnesia,  in  such  j)roportion  that 
a  molecule  of  P.,C).  w  ill  correspond  to  four  mole- 
cules of  ->lg(). — Cliiniic  ft  liuhi.strie  (.July,  1921) 
through  Clu'inical  Acics,  September  1(5,  1921, 
1).    155.      (H.   K.   A.) 

.VcTION    of    LiMK    in    MACiNE.SIU>I    OXYCHLOKinK 

Ck.mknts. — Plastic  calcined  magnesite  differs 
from  dead,  burned  oi'  metallnigical  mag- 
nesite in  being  burned  at  a  much  lower  tem- 
perature. Dead,  burned  nmgnesite  in  which 
peric-lase  formation  has  gone  on  to  a  greater  or 
less  extent,  does  not  react  with  magnesium 
chloride.  The  nmterial  now  in  use  by  the  oxy- 
chloiMde  industries  is  prepared  by  calcining  any 
reasonablv  pure  natural  magnesite  at  a  tem- 
l)erature  "of  7()()  to  l.()(K)°  C.  The  commercial 
piodnct  is  a  white  or  light-coloured  ])ower  c-on- 
taining  75  to  78%  MgO,  5  to  7%  SiO^,  5  to  6% 

CaO,  and   1   to  2%  K„(),,. 

Kfforts  have  been  made  to  regulate  the 
cjuality  by  specifications  ba.sed  on  chemical  an- 
alysis, but  it  has  been  found  that  infeiior  as 
well  as  good  calcined  magnesite  will  meet  these 
spec-ifications.  The  industry  is  disposed  to 
accept  specifications  based  on  physical  tests 
only. 

l"he  analysts'  report  of  the  presence  in  cal- 
cined magnesite  of  a  definite  amount  of  lime 
is  meaningless  unless  the  form  in  which  it 
occurs  is  also  specified.  Marble  dust  or  lime- 
stone ])owder  is  sometimes  deliberately  u.sed  as 
an  aggregate  without  any  harmful  effc>ct  on  the 
])roperties  of  the  cement,  suc-h  forms  of  cah-ium 
carbonate  ac-ting  merely  as  inert  material.  It 
is  well  established  that  the  addition  of  calcium 
oxide  to  an  oxychloride  mix  nvarkedly  di- 
iuinishes   the   strength   of   the   resulting  cement. 

Many  analyses  were  conducted  to  a.scertain 
the  Active  Lime  content,  this  term  being  ap- 
])lied  to  lime  in  any  form  whic-h  exerts  an 
injurious    effect    on     the    cement. 

The  "  water  soluble  "  method  using  phe- 
n()l|)lithalein  as  indicated  ])r()ved  to  give  higher 
results  on  magnesite  which  bad  been  calcined 
at  temperatures  below  1,000°  C.  than  when  the 
temperature    of    calcination    was    higher    than 
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this. 

A  much  higher  alkalinity  result  was  obtained 
when  a  -5%  solution  of  sodium  chloride  wa« 
used  in  the  test,  when  a  larger  difiFerence  was 
observf^d  between  the  phenoiphthalein  and  the 
methyl  orange  end  points. 

The  free  lime  (CaO)  does  not  necessarily  com- 
prise the  total  of  the  so-called  active  lime  iii 
the  material,  as  the  addition  of  small  quanti- 
ties of  precipitated  calcium  carbonate  has  been 
proved  to  reduce  the  strength  of  the  resulting 
oxychloride. 

The  following  method  is  considered  to  give 
results  more  closely  indicating  the  Active  Lime 
content  of  the  calcined  magnesite :  2.5  grm.  of 
the  .sample  is  agitated  with  ;J(Kl  c.c.  of  O.75"o 
magnesium  chloride  for  twenty-four  hours.  The 
vjlution  is  made  up  to  oOTt  c.c.  filtered  and 
the  lime  determined  in  an  alIe<iuot  portion  ot 
the  s^ilution  by  double  precipitation  as  oxalate. 

It  is  proved  that  a  definite  relationship 
exists  between  certain  physical  properties  of 
oxythloride  cements  and  active  lime  content  of 
the  calcined  magnesites  as  determined  by  the 
-tated  magnesium  chloride  method. 

Tables    are    given    showing    this    relationship, 
includine    the    figures   of    analysis,    also    the   oh 
jw  tl">ii;>'  '         '  <  t   of   calcium    chloride   aiKled    to 
t>!'-      T!  :ii      chloride      solution. — M.xx     Y. 

CiJiiur.   R.    Him,   and   L.    C.    Stewart, 
'  il  iih't  Mfttilliiriiiral  Kmiineerimi .   Aug., 

121.  p.  270.  (H.D.B  ) 

Thk    PRODrcTiox    or    Sri.PH.\TF.   of    Ammonia 

FROM    (*OAI,.    WITH    A    DESCRIPTION    OF    THE    WoRKS 

•  >F  THF.  Natai,  .\MMoNifM.  I>TH. — The  coal  of  the 

\s    ill    general    semi-bituminous,    but    at 

ibi    Mil)*'   it    is   alnutst    anthracitic,    and 

•  ■      •tifiiially    high    percentage    ol 

.1-.  •  r  i^iiiii    aUn'it    2.2'*,.. 

ThiH  coal    is  crushed   to   1}    inche.s.    that   finer 

than    fjiiarter   of    an    inch    being    rejected.      Th** 

»r»al    ix    uasifie*!    in    gas    producers   of   the   Mond 

tin-    temperature    is    ke[»t    low    as    possible 

'ibtaiii     tb«"     ni:iximum     ammonia     rejfivery, 

I    •    •  •rs    in    operation. 

path    oi    which    (fuiHiKi*    i>s.s«'iitially    of    a    steel 

i-\liiid<T    H/'parat't]    by    a    spa*-*-    fr<»m    an    inner 

t,ri.k     -II.  II        The    outer    cylinder    tapers    ♦o    a 

>i>iiii.il    lottom    provided    with    a    nliding    door 

•or    n-nioval    of    <ind«Ts.       The    inner    cyliml'-r 

^       '       '  !    floe*    not    reach    Mm- 

der.    but  eridn   in    an 

itiiii.  iti<  il      (ir<--barH     nlripe     dowii- 

U    t'l    ;i  r    diameter    ring    t<>    form    n 

baiiKiii'^    i.'r;it<-, 

fii    ..I,,  r  ..t  I'.n      Ixit    air    <gitiirat4-d    with    ittrain 

riid*'    in    for<"«»d     iiiUi    the 

• .  ■•  the  proflucer  proper  and 

Tf  it  I*  rni»M'd  to  IV)  U»  IW 

ii'.      .iii'i      iinpiiiiren     iit     a      (trt^Miiire    of 

nf     mmtff     iiiuiti     the     bottom     of     the 

;'b     rfv-tip«'rnlor<»     or 

,  th«*n  '  oiitainiiig 

,    It   i»  <■       The 

re*      «ul|ibiir      and      »  tttm- 

,  '..«t     verv      little     nmmoi.i..        iliin     i« 

I  illv    di<itill<'d    (iiid    it«    niiitnonia    content 

!  .<•    tfA*    (lakjut*    thriiii(/ti    n 


•iiritv     '• 


!»7    to 

'  .III*    of 


sprays  of  ammonium  sulphate  liquor  containing 
2",,   of  free  sulphuric  acid.  "^ 

This  liquor,  when  sufhcicntly  concentrated,  is 
evaporated,  the  resulting  crystals  of  ammonium 
sulphate  are  centrifuged,  dried  and  bagged. — 
()sc.\R  L.\z.\R,  B.S..  Eng.  (S.A.),  .Journal  of  the 
S..I.  .Association  of  .inal.  Chemists.  January, 
1921.    p.    18.      (H.D.B.) 

A  Xew  Form  of  Carron  :  Carbon  Formed 
BY  THE  Action  of  Meucfry  on  Carbon  Tetra- 
chloride, Tetrabromide  and  Tetraiodide. — 
By  the  action  of  mercury  vapour  on  carbon 
tetrachloride  at  600  to  7(t()°.  mercurous  ciiioride 
is  formed  and  carbon  is  deposited.  Under  high 
pressure,  900  to  2,760  kilos  per  sq.  cm.,  the 
reaction  starts  at  about  400°  and  is  accom- 
panied by  a  fall  in  pres.suie.  Carbon  tetra- 
bromide and  tetraiodide  react  similarly.  The 
carbon  so  formed  retains  water  tennciouslv,  7 
to  Ur,,.  after  heating  at  600°  in  a  stroaiii  of 
nitrogen.  The  density  of  the  carbon  so  ob- 
tained is  high.  2.32  from  carbon  tetrachloride, 
2. .51  from  the  tetrabromide.  and  2.37  from  the 
tetraiodide.  whilst  that  of  gmphite  is  2.1  to 
2.3.  Carbon  obtained  similarly  from  hexachlo- 
roethane  had  f/  =  2.16.  from  hexachlorobenzene 
2.46  to  2.22.  and  from  carbon  disulphide  2.38. 
It  appears  that  carbon  fornu>d  by  reactions  not 
involving  tlio  formation  of  water  lias  a  higher 
density  than  that  which  is  formed  witli  water. 
On  keeping,  this  dense  form  of  carlxni  absorbs 
much  water,  and.  when  it  is  again  dried  its 
density  is  found  to  have  diminished.  When 
carbon  from  carbon  tetrachloride  is  heated  for  a 
short  time  at  2.100°  to  2.3(M)°.  its  density  falls 
from  2.32  to  1.37.  Chemically  the  new.  dense 
form  of  carbon  is  more  reactive  than  sugar 
carbon  (compare  this  vol.  ii..  451).  X-ray  ex- 
aininatioii  failed  to  r»'veal  crystaline  structure, 
whilst  sugar  carbon  appears  to  be,  to  some 
extent,  crystalline.  The  liiuli  density  of  the 
new  form  of  carlion  is  proiiably  due  to  very 
close  packing  of  extremely  small  particles. 
Heating  to  a  high  temeprature  causes  the  par- 
ticles to  increase  in  si/;e,  with  the  result 
that  the  density  dec-reases.  without  the  a))pear- 
ance    necessarily   of   a    crystalline    structure. 

The  crtnditiiiii  diagram  of  carbon  is  discussed. 
Tlu-  melting-point  curve  of  graphite  prolial)ly 
falls  with  increasing  pressure,  cutting  the 
diamond  curve  near  l.5(K(°.  The  density  of 
liquid  carbon  would  then  l>e  greater  than  that 
of  graphite.  It  is  sugeestef!  that  above  the 
diniiioiid  fi<-l<].  at  liiLih  teinpei  at  iiics  and  pres- 
HiireH.  an  iiiiknown  form  of  carl>oii  exists,  tiie 
deimitv  of  which  lies  lietMeeii  that  of  graphite 
and  diiimotiii.  Such  a  condition  diiigr:im  ac- 
coiint*)  for  the  knoun  properties  of  diani<rnd  and 
I'raphite  imd  fur  the  geological  facts.  (I.  Tam- 
MANN  C/.r,tinh.  auoni.  I 'hem..  1921.  115.  115- 
I5M).  Jiiunial  Chrniiral  Sorirln,  July,  1921,  ii.. 
p.     |.V»       H    \  W  ) 

TmF     .\i.KAI.I     CVAMIIKH.        .McIIicmIn     liaVc       been 

dpviki'd  for  preparing  the  hitheilo  iiMkiiown 
cviiiiide<i  of  lithium,  rubiilium  mid  cii-siiitn  in 
n  |iiire  Htiitiv  l.Hhiiiin  iiintmlr  mum  prcpured 
by  khnking  n  iiii«i|M<niiioii  of  flii«>lv  cryNtHlliiie, 
dry  lithiiitii  hydroxide  in  ether  with  anhydrouN 
hvdriw'vanic  ncid.  The  cyanide  ih  extiemelv 
ill  Hiit4'r  niid  reHcmblcH  Mtdiuin  mid 
j  nil    cynniden    in     iti     prMpirlieH.        With 
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silver  cyanido  it  forms  liilnuin  silver  riiiniide, 
LiAy(C"S').,,  colouiless  ci'ystals.  which  in  aqueotis 

solution  does  not  react  with  hydiochloric  acid, 
hydriodic  acid,  or  disodiuni  iihosphate.  hut  does 
so  with  hydroijon  sulpiiide.  JJIiiiim  ferrocyan- 
i(lp  was  preparetl  from  hytlrotcrrocyniiic  acid 
am!  litiiium  carlionatc.  It  fornls  hrijilit  yellow 
crystals    containing     6H.,(),     differing     in     this 

res|)ect  from  the  .sodium  salt.  Lithiinii  ferri- 
rildiiidi',  prei)ared  from  silver  ferricyanid^  and 
lithium  cldoride.  is  less  soluhle  than  the  ferio- 
cyaiiitlc.  and  forms  an  orange-red  crystalline 
jiowder  containing  4H  ^O.  Jfiiliidiiitn  ci/diiide 
is  very  soluble  in  water,  hut  is  not  hygroscopic; 
it  is  in.soluhle  in  alcohol  and  ether.  It  fortils 
the  douhle  salt,  KhAg  (CN)  j  with  silver  cyan- 
ide. Uuhidium  ferrocyaulae  crystallises  ^Vith 
.'iH.,(),      and      the     fririvyaiiide     and     iixnujaiii- 

cyiniidc  form  anhydrous  crystals,  these  salts 
being  jirobahly  isomori)hous  with  the  corres- 
l)onding  potassium  salts,  ('(isiinn  r\i<ii\idi'.  and 
the    .salts    CsAg(CN).^.    Cs,Fe(C'X),,,    ;m,,0,    and 

Cs.,Fe(CN)^    were   prepared    and    found    to   have 

similar  properties  to  the  coirespouding  rubi- 
dium  salts. 

All  the  alkali  cyanides  are  hyilrolysed  by 
watei-  and  smell  of  hydrocyanic  acul  when  ex- 
posed to  the  air.  Determinations  of  the  de- 
gree of  hydrolysis  at  18°  and  2o°  in  aqueous 
solution  at  dilutions  from  X  to  X/IO  were 
made  by  measuring  the  rate  of  hydrolysis  of 
methyl  acetate.  All  five  alkali  cyanides  were 
found  to  be  hydrolysed  to  the  same  extent, 
namely,  about  1.2o",,  at  2o°  in  A'/IO  .solution. 
or  0.4",  in  normal  solution. — Julius  Mkykh. 
(Zi'ifscli.  iiiioni.  ('hem.,  1921,  llo.  2(t:?-217). 
Joiinud  Chdnitid  Socieiii.  .lulv.  1921.  i..  ]).  501. 
(H.A.W.) 


METAT-LllUiY. 

TiiF  FrtosioN  OF  UiioNZK  Pnoi'EM.F.RS. — The 
results  of  twelve  years  of  i-esearch  on  erosion 
of  bronze  proiK'llers  are  sumjnarised.  The  in- 
vestigations were  started  in  190S,  owing  to  the 
serious  position  created  in  connection  with  high 
speed  liners,  de.stroyers,  etc.  Further  speed 
developments  were  limited  by  this  factor  of 
propeHer  erosion.  A  complete  account  of  the 
investigations  is  given  along  with  several 
macro  and  micro-]ih()togiai)lis.  The  conclusions 
reached  aie  that  chemical  and  galvanic  effects 
are  negligible  and  that  the  true  causes  of  de- 
tei'iorat  ion   are   mechanical,   viz.:  — 

(ii)  The  frictional    rub  of  the  water. 

(/')  The  impinging  on  the  jiropeller  blades  of 
water  broken  with  evacuated  spaces  which  sub- 
.sequently  collapse,  giving  what  is  cnllcd  the 
''  water-hammer  '"    effect. 

On  establishing  the  cause  of  erosion  the  prob- 
lem was  to  find  alloys  which  would  be  as  me- 
chanically sound  as  brasses  consisting  of  crvstals 
of  the  d  type,  but  which  woidd  be  as  resistant 
to  wear  as  Id  type  bra.sses.  which  were  not 
workable. 

Alloys   with    the    required    structure    and    pro- 


perties  were  obtained  by  substituting  for  a 
small  part  of  the  zinc  small  proportions  of 
such  nutals  as  manganese,  aluminium,  iron. 
etc. 

A  typical  manganese  bronze  of  this  tvpe  con- 
tains C'u  o.5.16%,  Zn  43.0%,  Al  0.27%,  Mn 
4.12%.  Fe  1.44%. 


The  Mauritania.  Avliose  first  propellers  were 
worn  out  after  three  months"  running,  was 
fitted  with  manganese  bronze  jnopellers.  and 
ran  six  months  without  sign  of  propeller  ero- 
sion. 

Manganese  bronzes  of  the  type  developed  are 
now  >ised  througho\it  tlu'  world  for  high  speed 
propeller  work. 

A  very  complete  reference  li.st  to  the  numer- 
ous pubiic.ntions  on  this  .subject  is  given  in  the 
paper. — 0.  Sif,nERK.\tti».  Ph.D..  Journal  Soc. 
Vhem.  Ind..  page  38  T.,  February  28,  1921. 
(.H.R.A.) 

V.^cuuM  Converters. — Metallurgicai  experts 
are  claiming  that  the  idea  of  a  vacuum  eon= 
vertei-  has  now  been  definitely  proved  of  prac- 
tical value  and  must  be  I'eckoned  with  in  the 
future  of  the  steel  trade.  Steel  made  by  the 
ordiiuuy  process  is  understood  to  contain  front 
five  to  ten  thousand  titnos  its  own  volume  of 
gas.  This  gas  is  given  iip  to  a  greater  or  less 
extent  on  the  steel  attaining  the  inCltiug'point. 
while  conversely  steel  cooling  down  frohi  the 
melting-point  re-ah.sorhs  the.se  gases,  and  th(?y 
aie  held  more  or  le.ss  loosely  when  the  ingot 
solidifies,  thereby  producing  varying  degrees 
of  unsoundness.  To  prevent  this  condition  ex- 
pei-inuMiters  have  beeii  working  along  the  lines 
now  known  as  the  "Vacuum  Converter  Pre.ss." 
The  chaige  to  be  converted  is  melted  by  the 
generation  of  heat,  usually  electric,  inside  a 
vessel.  When  the  contents  are  thorotighly  fluid 
the  vessel  is  connected  to  a  vacuum  pump, 
which  draws  out  the  gases  ri-maining;  the 
vacuum  is  sealed,  and  the  steel  cools  without 
being  able  to  re-absorb;  hence  the  ingot  pro- 
duced shoukl  be  wholly  sound.  Razor  steel 
made  by  this  pi'ocess  is  said  to  have  proved  of 
unusually  fine  (puility,  and  it  is  predicted  that 
it  will  fiiul  a  market  for  all  high  grades  of 
cutlerv  steel.  The  cost  is  less  than  that  of 
crucible  steel. — I  nd .  .Xiia,  and  Min.  Stand., 
Scptendjer    15,    1921.      (C.J.G) 


MINING. 

Measurement  of  Air  Velocities. — Mr.  James 
Coo|)er.  of  the  Hei  iot  Watt  College.  Edinburgh, 
read  a  paper  before  th(>  Mining  Institute  of 
Scotland  on  "  Measurements  of  Aii'  A'elocities 
and  the  Testing  of  .Anemometers."  At  the 
outset  the  author  said  that  the  two  best  known 
nu'thotls  of  measuring  air  velocity  in  mines, 
namely,  by  the  aninu)nieter  and  by  means  of 
smoke,  were  both  liable  to  serious  error.  As 
had  been  fre(iuently  noticed,  smoke  travelling 
in  an  aii'way  of  uniform  section  was  subject  to 
a  decrease  of  velocity  as  it  pas.sed  onwards  from 
the  jioint  of  ignition  ;  in  the  central  part  of 
the  roadway  it  was  affected  by  eddies,  and  at 
the  sides  it  clung  to  damj)  surfaces  and  was 
seriouslv  impelled  by  timlier.  If  the  .sectional 
area  of  the  road  varied,  the  lesults  obtained 
by  smoke  were  still  more  faulty.  Because  of 
the  friction  of  its  parts,*  th(>  anemometer,  too, 
cotdd  only  yield  an  accurat(>  lesult  at  one 
velocity  ;  at  all  others  accuracy  could  only  be 
achieved     by     correcting     for     the     influence     of 

friction,  and  at  low  velocities  the  correction 
might  i>e  greater  than  the  speed  registered  by 
the   instrument. 

The  main  ))urpo.se  of  the  |)aper.  the  author 
went  on  to  exi)lain.   was  to  discuss  the   results 
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furnished  by  the  testing  ■  table  "  that  had  been 
installed  at  the  Heriot  Watt  College,  Edin- 
burgh, and  to  c-ompare  them  with  those  ob- 
tained in  other  ways.  It  was  velocities  below 
;3<J<Jft.  per  min.  that  the  need  for  calibration 
became  most  imperative,  and  it  was  especially 
at  those  low  speeds  that  the  effect  upon  the 
instrument  of  wear  and  rough  handling  was 
most  pronounc-ed.  The  '  table  ""  might  Ije  re- 
garded as  a  development  of  that  described  i 
almost  sixty  years  ago  by  Messrs.  J.  J.  Atkin- 
son and  J.  Daglish  {TninHutiuns.  North  of 
England  Institute.  Vol.  X.).  It  has  been  de- 
signed by  Dr.  Henry  Briggs.  of  the  Heriot 
Walt  College.  Edinburgh.  The  whirling  rod 
on  which  the  meter  under  test  was  mounted 
was  rotated  by  means  of  a  leather  sewing 
machine  belt,  quarter  of  an  inch  in  diameter, 
from  a  special  driving  gear.  The  variable 
speed  gear,  which  was  worked  from  a  shunt 
wound  motor  through  a  worm  and  worm  wheel, 
was  of  the  epicydic  type.  The  vertical  bevel 
wheels  were  carried  round  at  c-onstant  speeds; 
they  engaged  with  horizontal  bevels,  of  which 
the  hitter  was  in  one  piec-e  with  the  brake 
wheel.  The  brake  was  a  motor-cycle  belt  and 
was  adju-sted  by  a  screw  and  handle.  Motor 
and  m-ar  were  mounted  on  a  wooden  frame, 
<K-<  iipied  little  spac-e,  and  were  very  portable. 
The  framework  on  which  the  whirling  rod  and 
small  motor  was  mounted  was  als<j  designed 
to  be  portable,  .so  that  the  apparatus  could 
bo  moved  aside  after  c-ompleting  a  test.  The 
r«xl  was  Chesterfield  steel  tubing  of  21  gauge, 
2in.  diameter.  I2ft.  in  length,  and  weighed 
"lbs.  It  c-ombined  lightness  and  rigidity.  A 
imple  clamp  fixed  the  meter  to  any  part  ol 
the  rod.  ( 

A  novel  feature  of  the  apparatus  was  the 
manner  of  oijerating  the  meter  trigger  or 
clutch,  while  ine  meter  was  being  carried  round 
on   t'  To  ensure   a<-curacy   in   «:ilibratiiig 

an   ;i:  ••t4*i    it   was  essential   that   the   m<ter 

bft  moving  at  the  selected  spc-ed  Ijefore  the 
f,.,ii.f  i  1,,^  .'nechanism  was  iiut  into  gear,  and 
•  aft<T  the  lapse  of  the  nniuired  inter- 
rai  til.-  mechnnixm  Miould  be  thrown  out  of 
K^ar  »hil«'  the  meter  was  nmviiig.  This  en- 
I     ■    ■  which    c«»uld    be    in- 

t  m  outside  the  radius 

of   i:  -iiitl   II  was  decided  to  adopt 

an   •  •     in   order   to   M*«ure   the   in- 

stall' action    required.       A    small    motor 

<•'>•'  '    '>n    the    hraM   table,    and    a    light 

•irtem  of   nil    inch    in    length    by 
.wi    iiK  II    Ml    diam»-ter.    fixe<J    to    th<'    motor 
A     thread     wa*     |(UK.<t«'d     from   the   meter 
i    III   a  Hlligle  lo«»|' ■   thente 
.   Mil   the   inetiT  clamp  aiitl 
ti.M  li    t.,  The  motor  wan  Nhiiiit  eon- 

/  .    ••  ■!  irreiit    from    a    four-volt    bat- 

igh    a    HM  it<'h    with    forward. 

, ,.  .^itioiiK.     The  motor  terminaU 

««-re   ('«iiin<'>'t4^J    l«»    throe    c-*>nta«'t    brimheii    riiii- 

a  three. ring  'Iim-.   and   the  frmrth   wire 

'I  to  the  tertual  nhnft       The  ring*  and 

•    aerm   in   turn  cunnwlod   t^»  the   revcming 

h 

Tfx'  '.'I    to    work     fxT- 

f'f'lv     i<  the    rekiiltH    had 

rerf(rd<>d  with    no    failure    of 

■  n    '■>    <».'  tritcuer    III    nil    caM'N 

i"'<i,:  Numerou*    te»iii    had 

►i^«ii    >7HT\f\    <i>ii    >>ii    thia    anemometor    table, 


and  the  figures  obtained  from  the  experiments 
had  been  compared  (1)  by  observation  of  smoke 
velocities,  and  (2)  walking  tests  with  the  meters 
over  a  measured  straight  line  in  a  still  atmos- 
phere. The  meters  used  were  of  the  Biram 
type,  this  being  the  instrument  most  in  favour 
in   the   mines  of  Scotland. 

The  first  series  of  tests  carried  out  was  to 
discover  what  influence,  if  any,  would  result 
by  fixing  a  meter  on  the  rod  at  different  radii. 
These  radii  varied  between  6ft.  6in.  and  1ft. 
It  was  to  be  expected  that  at  short  radius, 
where  the  whirling  anemometer  was  not  moving 
through  the  a>r  at  a  uniform  velocity  at  all 
points  of  its  width,  the  results  as  indicated  by 
the  instrument  would  be  affected  thereby,  and 
the  tests  proved  this  to  be  the  case. 

The  differences  in  the  corrections  got  from 
the  residts  obtained  by  placing  the  meter  at 
different  radii  on  the  whirling  rod  was  so  con- 
siderable that  it  was  deemed  necessary  to  en- 
quire into  the  reason  for  that  difference.  Dr. 
Briggs  suggested  that  the  effect  might  be  ex- 
plained from  the  fact  tliat  the  impact  of  tho 
air  across  the  width  of  the  fan  differed  most 
with  the  small  radii.  The  following  explana- 
tion was  suggested  by  the  author:  The  inobablo 
effect  of  air  striking  the  vanes  of  a  meter  was 
to  set  up  certain  stream-lines  jiassing  on  either 
side.  The  deflection  of  the.se  stieam-iines  tended 
to  create  a  partial  vacuum  behind  the  vane. 
By  varying  the  position  of  tlie  meter,  r.f/., 
at  ciiffereiit  radii  on  the  whirling  rod,  the 
stream-lilies  deflection  would  vary  and,  accord- 
ing to  the  results  of  the  experiments  describeil, 
the  vacuum  effect  .seemed  to  increase  as  the 
circle  of  travel  decreased.  The  chart  correcrioii 
was  practically  uniform  for  all  radii  at  5(Mlft. 
velocity.  The  vacuum  eifect  .seemeil  to  stabilise 
at  this  point,  and  the  meter  moved  through 
a   path  of  iinifoim  stieain-lines. 

In  using  an  aenioiiK'tcr  tabic  the  prolileni  was 
one  of  considerable  importance,  and  was  closely 
liiHiiid  ui>  with  the  genera!  principles  of  aero- 
dynamics. 

The  writer  pa.ssed  on  to  describe  a  series  of 
tests  which  were  carried  out  to  obtain  charts 
for  different  sizes  of  instruments.  .\  (iin.  an<l 
fin.  meters  of  similar  design  were  used,  while 
twri  at  2'/iii.  of  the  usual  design  were  idso 
in('lude<l.  The  four  anein<>inetei-s  tested  were 
all  in  regular  use.  one  2','in.  and  the  (iin.  at 
the  Heriot  Watt  College,  and  the  Iin.  and  tln> 
s<«oiid  2-,Hn.  at  collieries.  The  radius  .sch'<ted 
at  which  to  place  the  meters  was  r)ft.  Gin., 
giving  ."Mft.  cinumference  of  travel,  and  the 
speeds  re<-or<led  ranged  from  oOft.  to  over 
2.iH»(lft.  per  miniile.  As  the  lirst-nienl  ioned 
veliK  ity  was  very  low  for  Hiiemonnt<i  nading 
It  was  found  duriiiLr  the  tests  that  only  iiistni- 
iiieiits  in  good  working  older  woiihl  give  satis- 
hutoiy  results  at  that  speed.  Of  the  four 
aiiemoiiietcTH  testi-d,  the  tin.  and  Oin.  ineterH 
only  yielded  cotiHJitti'iit  flgures  at  this  low  rat4< 
of  Hpeed.  Thin  was  (irobably  due  to  the  lormer 
being  a  new  iimtiiiment  luid  the  latter  only 
lMt4dy   overhaiiliil 

The  reMiliN  ;.M\.ii  by  the  (wo  small  instru. 
'•re  uni  •'liiilile  and  reouired  uiiwoikable 
'illiei'tioiiH  at  low  Hpeecls.  When  a  veloc- 
ity or  .VH)ft  m-r  iniii.  waN  reached  the  corree- 
iton*  for  all  four  itiHtrumentN  were  fairly  iiiii- 
foi  III  nnd  reinnined  mi  up  to  the  innximuiii 
vel«Kl«v     of     over     2,'KH)ft.     pei      iiiiii 
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An  iutt'iestiug  point  in  connection  with  these 
experiments  was  that  although  the  charts  plot- 
ted from  the  tests  were. similar  in  form  to  those 
sent  out  by  the  makers  of  the  instruments,  the 
figures  of  correction  varied  widely.  This  was 
l)articularly  so  at  low  speeds,  and  al.so  at  the 
recorded  velocities  of  crossing  the  line  of  zero 
correction.  The  errors  associated  with  the  iise 
of  smoke  as  a  means  of  measuring  air  velocity 
were  thoroughly  investigated  many  years  ago 
by  Messrs.  J.  J.  Atkinson  and  .J.  Daglish.  After 
a  series  of  tests,  in  which  the  velocities  of  air 
currents  were  determined  in  a  smooth-sided 
experimental  gallery,  first  by  the  four  calibrated 
anemometers  already  referred  to,  and  then  by 
means  of  smoke,  it  only  required  to  be  said 
that  the  latter  method  proved  unreliable.  It 
bail  achieved  a  sjjurions  inijjortance  of  late  years 
due  to  its  introduction  into  the  mine  firemen's 
examination;  but  for  that  it  would  probably 
liave  passed  into  the  oblivion  it  so  well  deserves. 

The  last  series  of  tests  taken  was  to  calibrate 
the  anemometers  by  holding  the  instrument  in 
the  hand  and  walking  in  still  air  over  a 
measured  distance.  A  suitable  place  for  this 
])urj)osc  was  found  in  the  observation  court  at 
the  mine  rescue  station  of  the  Heriot  Watt  Col- 
lege. The  inocedure  adopted  was  as  follows: 
A  straight  path  of  G6ft.  in  length  was  measured, 
and  timed  readings  of  the  instruments  taken 
over  the  distance.  A  few  paces  were  traversed 
before  the  starting  point  was  reached ;  then  the 
meter  anil  stop-watch  were  thrown  in  gear  sim- 
ultaneously. The  distance  was  traversed  in 
times  vaiying  from  o  seconds  to  40  seconds. 
W'ben  low  velocities  were  being  measured  in 
tbis  way  the  inertia  of  the  older  in.struments 
reciuired  to  be  overcome  by  a  tap  at  the  stait; 
the  vanes  would  then  continue  to  revolve 
throughout  the  mea.sured  distance.  The  carry- 
ing out  of  these  walking  tests  had  the  obvious 
difliculty  of  getting  a  suflicientlj-  long  straight 
jialli  in  .still  air.  In  the  writer's  tests,  had 
a  longer  distance  than  tlic  (j(jft.  been  taken  it 
would  bave  involved  turning  through  several 
sbaip  bends,  and  errors  of  unknown  magnitude 
might  have  resulted  from  the  frequent  change 
of  direction.  The  lowest  speed  .selected  w^as 
that  just  sulhcient  to  cause  the  vanes  to  re- 
volve. This  was  obtained  when  walking  at  a 
speed  of  99ft.  per  min.,  and  at  this  rate  the 
reading  in  the  two  small  anemometers  was 
about  .')(»ft.  per  min.  This  resulted  in  a  plus 
coirection   of  over  2()0ft.    i)er   lOOft.   per  min. 

Tbe  value  of  this  .series  of  tests  was  a  measure 
of  the  ai)iMoximation  of  the  correction  curves 
to  tho.se  obtained  from  the  whirling  rod ;  and 
in  a  conipari.soii  of  the  plotted  results  from  both 
.series,  it  was  to  be  noted  that  the  values  W'ere 
fairly  consistent.  This  conclusion  was  one  of 
value,  for,  given  a  .straight  jnith  in  .still  air 
and  a  leliable  stop-watch  measuring  to  0.2  sec. 
it  was  seen  to  be  jwssible.  without  more  elabor- 
ate mechanism,  to  determine  the  correction 
curve  for  an  anemometer  for  speeds  up  to  oOOft. 
per  minute  with  a  degree  of  precision  sufficient 
for  ordinary   i)urposes. 

The  results  ol>tained  in  these  tests  indicated 
the  unreliability  of  the  anemometer  when 
measuring  low  air  velocities. — .Iamks  Coock-i, 
fnllifru  (•x'lrdinn.  page  1072,  October  14,   1921 ! 

Tmk  MAfJNKTOMKTF.n.— The  original  .Swedish 
mining  compass   called    the   dipping    needle   iia.s 


been  superse  led  by  a  sensitive  iiLstrumont  called 
the  magnetometer.  In  the  hands  of  experts 
this  instrument  gives  reliable  data  regarding 
the  presence  of.  the  dip.  the  depth  and  the 
strike  of  ore  bodies. 

Magnetic  minerals  are  classified  into  attrac- 
tile  magnetic  and  retractile  magnetic,  ^lagne- 
tite  and  pyrrohotite  are  attractile,  and  like 
tempered  steel,  retain  magnetism  when  once 
magnetized.  Hornblende  and  i)yrite  are  re- 
tractile, and  like  soft  iron,  become  magnetic 
when  attracted  by  a  strong  magnet.  When 
mixed  with  attractile  magnetic  minerals  they 
become  magnetic,  and  extend  a  greater  influence 
on  a  magnetic  needle.  A  dejiosit  of  magnetite 
and  pyrite  has  a  much  .stronger  influence 
on  a  magnetic  needle  than  a  deposit  of  pure 
magnetite. 

(Observations  made  by  experts  in  the  use  of 
the  magnetometer  enable  charts  and  fairly  re- 
liable surveys  to  be  made  particularly  of  hidden 
iron  ore  bodies.  Gold  does  not  influence  the 
needle,  although  i)yrite  and  black  iron  deposits 
of  placers  do.  Magiietometric  investigations 
are  particularly  valuable  for  a.scertaining  the 
position  and  extent  of  iron  ore  ilei)osits ;  also 
for  ])ickiug  up  extensions  of  mineral  dej)osits  in 
bard  rock  formation  that  have  been  liisplaced 
or  faulted. — A.  (jIihson,  Minin<j  anil  Scienfific 
Pi  CSS,    page   4;}7,    September    24,    1921.      (F.W.) 

(iuNiTK  IN  Inclined  Shafts. — The  Calumet 
and  Hecla  conglomerate  has  been  mined  very 
largely  througli  inclined  shafts,  the  inclination 
being  from  ',V)°  to  40°.  Shortly  after  driving 
of  tbe  mjiin  tunnel  had  started,  "  slabbing  " 
began  on  a  very  extensive  scale.  Tbere  were 
no  "  air  blasts  "  and  no  big  caves,  but  ground 
that  had  been  carefully  barred  for  loose  would 
again  become  dangerous,  frequently  in  a  few 
days.  'i'liis  finally  became  so  serious  that  it 
was  reali.sed  that  the  expen.se  of  timbering, 
witli  the  probable  continuous  upkeep  cost, 
might  jeopardise  tin;  success  of  the  entire  plan. 
It  was  tberefore  decided,  state  .1.  Knox  and. 
().  Potter  ("J/.  ('.  M.  Ahimnus'').  that  gunite 
would  be  tried,  and  in  February,  1919,  several 
hundred  feet  of  tunnel  were  "  gunned."  "Slab- 
bing "  stopped  at  once  and  the  cement  re- 
mained unbroken.  The  only  tiling  that  hap- 
l)eii(>d,  however,  was  that,  due  to  the  gunite 
lieiug  put  on  all  in  one  coat,  it  was  a  little 
too  tiiick  in  spots  and  before  the  cement  had 
time  to  set  properly,  the  weight  of  the  material 
itself  ])ulled  the  gunite  away  from  the  rock, 
leaving  occasional  air  spaces.  This  formed  a 
sort  of  blister,  which  finally  resulted  in  small 
slabs  of  cement  falling  off  and  again  letting 
the  air  and  moisture  reach  the  rock.  In  later 
work  tbis  difliculty  has  been  entirelv  overco.ne 
by  i)ntting  on  two  thin  coat.s — usually  one  coat 
on  one  shift  followed  by  another  coat  on  tbe 
succeeding    shift.  Up 'to    December    4.    1920, 

M.722  feet  had  been  "  gunned,"  and  there  is 
not  a  stick  of  timber  being  u.sed  in  any  part 
of  this  completed  portion  for  the  purpose  of 
supporting  loose  ground.  Nor  are  there  any 
cracks  showing  which  would  indicate  that  we 
m.ny  expect  any  difliculty  in  tbe  future  from 
this  source.  It  is  not,  however,  jiroof  against 
severe  "  air  blasts."  A  .series  of  very  severe 
"  blasts  "  last  spring  loosened  and  cracked  por- 
tions of  the  gunite  for  several  hundred  feet, 
and  it  was  neces.sary  to  trim  and  "  gun  "  this 
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area  again.  'Ihere  was  no  question  as  to  the 
cause  of  the  trouble,  however,  and  the  expense 
of  repair  was  veiy  small  compared  to  tho  tost 
of  repairing  a  timbered  drift  under  similar 
c-onditions.  At  the  present  writing  two  con- 
clusions seem  obvious — first,  that  the  cause  of 
a  great  deal  of  the  "  slabbing  ''  or  caving  of 
the  walls  of  shafts  and  other  openings  is  not 
thoroughly  understood;  and  second,  that  "gun- 
ning "  is  c-ertainly  a  very  effective  and  re  a- 
tively  inexpensive  retardent  for  many  of  these 
disturbances.  The  gunite  mixture  used  con- 
sisted of  2i  parts  of  sand  to  1  of  cement.  The 
sand  was  screened  through  a  3-1 6th  inch  mesh. 
Air  pressure  used  was  6-51b.  Water  pressure, 
■W)  to  oOlb.  There  were  four  men  used  each 
.«hift  on  ••  gun  "  work — two  charging  the  gun 
and  two  men  who  alternated  at  the  nozzle. 
The>e  men  did  their  own  barring  and  trimming 
and  applie*^!  one  coat  of  gunite  over  a  length 
by  12ft.  tunnel — for  an  average 
-.  per  man  per  shift  for  a  double 
c<jat.  The  average  thickness  of  one  coat  varies 
from  iin.  to  Jin.  on  a  smooth  rock  surfac-e. 
C'revi<es  and  hollow  spots  are.  of  course,  filled, 
iiii'i  here  the  t'  ■  '  ■  -^s  of  coat  varies  a  great 
•j'll.      Ab-3Ut    :;-  or    gunite    mixture    are 

u^d  to  fonipkie  liJ<)ft.  of  tunnel,  Approxi- 
iii.-it.-ly  2"  of  the  s;ind  rel)<)uiided  from  the 
r<j<k  and  fell  to  the  floor.  This  is.  of  course. 
•i:i>ted.  Wire  mesh  re-iiiforciiig  was  tried  at 
■     but  wa.s  very  exi)ensive,  difficult  to  apply. 

'eful  of  gunite,  and  finally  found  to  be  eii- 
ti(.|y  unnec«>ssary.  It  proved  c-onvenient  to 
dry  and  mix  the  sand  and  c-ement  on  surface 
and  to  bring  it  to  the  operators  in  packages, 
earh  of  which  contained  a  full  charge  for  tin- 
ijun.  H<»u<-v«»r  » hen  this  plan  was  followt^d 
it   Ij-  ■•    to  add  a   very   small   quan- 

tity mixing  iii  <»rder   to  prevent 

a      s<f>.-i  ration      ot      wind      and      c-erncnt      during 
tr;ii,^it.  -.1.    K.Nox  and  ().   PoTTKK,   TIte  CiHieiii 

rdtan    (J/.    <.'.    J/.    .4((jmriuj),    September    2. 
i  L.) 
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aji  overlying  vein  through  caves  and  broken 
ground.  The  most  practical,  and  probably 
the  most  efficient,  means  of  direct  fighting  is 
with  water  directed  in  hose  streams  of  go  )d 
pressure  and  capacity,  which  can  only  be 
secured  by  providing  pipe  lines  of  :ulequate 
capacity.  A  system  of  watcr-jjipes,  standardised 
as  far  as  possible,  should  be  maintained  for 
immediate  use  in  mines  liable  to  fires,  and  maps 
giving  the  location  of  these  lines  should  be 
provided  periodically  to  the  colliery  officials. 
The  pipe,  hose,  connections,  valves,  wrenches, 
nozzles,  etc.,  should  be  maintained  at  definite 
points  of  convenience.  In  the  sealing  of  fires, 
the  conditions  favourable  to  this  method  are 
limited  area  of  workings  to  be  sealed  and  mini- 
mum number  of  seals  required.  The  unfavour- 
able conditions  are  extensive  workings,  and 
caved  workings  with  liability  of  connections 
through  cracks  and  devices  to  overlying  veins 
on  ti.e  surface.  The  principal  danger  is  the 
liability  of  t>xplosion.  which  jirompts  the  ques- 
tion as  to  whether  the  intake  or  return  stop- 
pings should  be  erected  first.  There  have  been 
many  failures  to  extinguish  fires  by  flooding  fire 
areas  with  Mater,  beca;ise  anticlines  and  pock- 
ets in  the  workings  prevented  the  water  from 
submerging  the  fire,  owing  to  the  coini)ression 
of  the  mine  air. — D.  Hinting.  ('t>Uivi\i  (!ii<ii- 
(liait  (.\mcrican  Institute  of  Mining  and 
.Metallurg.v),   September  9.      (J.C.) 

All!  PHKSsriu.s  .\Ni)  Diui.i.iNc;  Si'kkds  oi- 
H.\.MMEii  Dkii.i.s. — These  data  were  collected 
tluring  a  >ei  ies  of  tests  made  at  the  propertv 
of  the  I'nited  Verde  C'ojiper  Co.  to  determine 
the  most  economical  air  jiressure  for  the  opera- 
tion of  hammer  drills  under  the  varying  t-oii- 
ditioiis  of  use,  and  to  investigate  the  variatior. 
Ml  drilling  speed  at  dillerent  air  i)ressuivs. 
.\i)oiit  1-iVM)  tests  were  made  on  12  models  of 
drills,  at  gauge  j)re.s.sures  ranging  from  tOlb.  to 
i;{Olb.  \o  effort  was  made  to  bring  the.)«y 
and  [iractice  into  accord;  but  rather  to  formu- 
liitc  simdiy  empirical  rules  covering  the  aver- 
variation  of  the  results  obtained.  Hou- 
tliese  rules  on  the  peitoi  niance  of  liaiii- 
•  Irills,  based  on  the  air  pn-ssnies  as  :i: 
main  variable  jire  not  necessarily  of  iini- 
lication  ;  they  apparently  .satisfy  the 
in     this    jiarticular    series    of 


age 

ejcr 

nier 

the 

versa  I 

resu 


al   apnliiatioi 
its    obtained 


testH. 

Tlie  drilling  conditiotiN  at  th-s  proprrty  vary 
widely.  An  average  of  21  macliine  shifts  t)  a 
3ft.  round  is  nece.s.sary  in  soine  of  the  di  velop- 
nienl  Wdik;  while  an  ndvaiice  of  .".tilt,  lias  been 
made  in  wven  shifts  in  the  "  oxide  "  (.rrouiid. 
Tliih  wide  range  of  loiiditions  precludci  the 
adoption  of  one  type  of  drill  as  ii  Ntamlanl  ; 
(oiiKeqiiently  almost  everv  kind  of  liaininer  drill 
N'lld  ill  the  country  lias  been  tested  diiriii'^  tbe 
past  few  vearM.  At  tbe  present  time  Mi  difFeieiit 
niodeU  of  ilnl!)«  are  in  use.  o^  wliiih  two  Ivnet 
of  the  heavy  (I.VlIb  ti  l(((llb  )  mounted  diil'H, 
one  (if  the  light-n  oiiiited  drill,  ime  stoper  iiimI 
'  '  >  haiiil-pliigging  iImIIh  are  cotihidered  iiit 
•  <  .1  iidnid. 

Inspection  of  the  M-Velal  t  libu'li  t<>(|  rcNIlltN 
•iboMN  I  hilt  :  '- 

(I)  There  IN  little  or  Ml  iiii'r«M<iM>  in  nieehuiii- 
ral  efficieiK  y  of   the  drills  above  I'Otb     plesslltiv 

<'2)    'I'he     distance     drilled     per     a  i     indniiled 

I  '    u  a   maxiiinim   fur   tbe  jackhainnier 

b     and    iiKieuM'    at    a    nlow    lu'e    lot 
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the   other   iiiachines   at   the  hifiher    piessurtg. 

(3)  The  averatio  thermal  efKcieiicy  is  a  maxi- 
uium  at  about  i>-31b. 

(4)  Tlie  factor  of  desirability,  while  iiicrcasin<>; 
as  the  pre.->sure,  sIioavs  a  comparatively  slow- 
rate  of   increa.se   for   pressures  above   lOOlb. 

(5)  The  average  drill  is  made  to  be  used  at  a 
pressure  of  801b.  or  less,  and  the  u.se  of  pres- 
sures much  exceeding  this  would  invalidate  the 
piesent  replacement  as''ep"iP'its  with  the  manu- 
facturers,   thereby    increasinfi   the   upkeep   cost. 

(6)  The  increased  breakage  at  the  higher 
pressures,  with  the  con.sequent  greater  loss  of 
time  of  the  drill  runner  in  changing  or  repair- 
ing the  machine,  would  tend  to  reduce  the 
factor  of  desirability. 

(7)  The  increa.sed  breakage  of  drill  steel 
would  tend  to  limit  the  pre.s.sure,  although 
there  are  not  sr.fhcient  data  on  this  point  to 
determine  the  maximum. 

From  the  foregoing,  it  would  seem  that  under 
the  conditions  obtaining  at  tins  property,  about 
9olb.  is  the  most  economical  gauge  pressure. — 
H.  \V.  Skamon.  I'lillien/  (linudian.  page  735, 
September  9.     (J.C.) 


MISCELLANEOUS. 

liii;  I'ltiNTipi.KS  OK  V.\cuuM  Dkyino. — The 
ajithors  jioint  out  that  vacuum  dryers  are  not 
cai)al)le  of  univeisal  application.  Direct  heat 
rotary,  tunnel,  spray,  compartnu-nt  and  atmo.s- 
pherie  drum  types  of  dryers  each  have  their 
own   fields. 

Tlie  advantages  of  vacuum  drying  are  gener- 
ally :  Low  cost  of  opeiation.  drying  at  low 
tcMipcratures,  t(>mpcrature  control,  cleanliness, 
sohent  recovery  when  desiretl,  elimination  of 
fii'e  risk,  etc. 

Ijimitations  al  ])resent  inherent  in  the  system 
are  due  to  the  necessity  for  strong  airtight 
casings,  non-continuous  operation  except  in  the 
ease  of  certain  dium  dryers,  aiuJ  comparativ(>ly 
small  size  of  units.  The  governing  principles 
of  the  .system  are;  the  reduction  of  the  boiling 
j)oint  of  a  li(|uiil  untler  diminished  |)ressui'e,  anil 
tiie  accelcrited  rate  of  evajioration  at  the 
l)oiling  Jioint. 

C'omi)arativcly  little  heat  is  re(iuiied  to  I'aise 
a  nniterial  to  a  temperature  most  favourable  for 
drying,  and  owing  to  the  methods  of  heat  appli- 
cation emjiloyed  there  is  a  very  high  thermal 
efficiency. 

The  i"ate  of  removal  of  vapours  fi'om  the 
vacuum  chamber  is  of  great  im])()rtance.  foi'  it 
is  to  be  recalled  tlntt  wheieas  one  pound  of 
water  at  212°  V.  forms  2().S  cubic  feet  of  steam 
under  atmospheric  conditions,  the  same  amount 
of  water  at  2S"  vacuum  forms  350.70  cubic  feet, 
and  under  2f)"  vacuum  709.;}  cubic  feet  of  .steam. 
As  the  vacuum  |)iim])  alone  cannot  cope  with 
this  volume  of  \ai)our  and  maintain  high 
vacuum,  suitable  condensers  are  placed  in  tlu- 
.system.  The  vacuum  then  depends  u|)on  the 
vapour  pressure  of  the  condensate,  and  the 
pressure  exerteil  by  the  non-conck  nsable  gases 
which  are  in  the  materials  to  be  dried  and  in 
the  cooling  water  in  ca.se  a  barometric  condenser 
be  used. 

The  steam  consumption  of  the  vacuum  dryer 
amounts  to  approximately  1.2")lb.  for  each 
pound  of  water  evaporated. 


For  materials  that  produce  a  quantity  of  dust 
a  dust  collector  is  placed  between  tlie  dryer  and 
the    condenser. 

Condensers  aie  of  either  baiometric  or  sur- 
face type,  and  where  volatile  solvents  arc  to  be 
recovered  the  vacuum  pump  discharge  is  led 
into  an  expansion  tank  connected  to  a  small 
atmospheric  surface  condenser  allowing  a  re- 
covery of  95%  or  more  of  the  .solvent. 

Vacuum  shef,  lotary  and  drum  types  of 
dryers  are  discussed  in  some  detail,  and  lea.sons 
for  their  utilisation  with  different  types  of 
material  are  given.- — C.  O.  Lavktt  and  D.  J. 
V.\X  M.\itr,K.  The  Cheinical  Tiiidc  Juuvnal^  (ind 
Clicniicdl  Kn<iineer,  originally  before  the  Ameri- 
can l'h(>mical  Societv,  jiage  424.  October  8, 
1921.     (H.A.C.) 

Dhy  Ci.k.\nf,»  Co.\i,. — The  main  objection  to 
coal-cleaning  .systems  as  at  ju'esent  in  vogue  is 
that  the  lecovered  inaterial  contains  a  large 
quantity  of  moisture,  and  must  therefore  be 
submitted  to  some  form  of  drying  before  use. 

American  workers  have  now  made  experi- 
ments in  connection  with  the  .separation  of  small 
coal  and  dirt  by  passing  the  mixtvire  through 
air  currents.  In  the  machine  used  air  as  the 
floating  medium  is  substituted  for  water,  ad- 
vantage as  usual  being  taken  of  the  varying 
densities  of  the  different  ingredients  of  the 
mixture. 

Air  is  blown  into  a  chest  provided  with  a 
deck  of  steel  cloth  or  silk,  a  multiplicity  of 
liny  air  jets  is  thus  formed,  and  the.se  on  ex- 
panding give  ri.se  to  a  film  of  air  on  the  tipper 
surface    of     the    deck.  Stratification     of    the 

mineral  mixture  on  this  deck  follows,  and 
it  is  said  that  with  a  jirojierly  regulated  air 
current  the  mass  of  material  becomes  almost  as 
fluid  was  water,  and  the  layers  of  sejiarated 
minerals  readily  sli])  to  their  sjiecific  take-off 
spouts.  It  is  shown  that  the  refuse  contains 
only  a  small  proiiortion  of  carbon,  while  it 
seems  that  the  sulphur  tends  to  carry  forward 
with  the  coal,  and  the  |)hos])horus  to  remain 
largely  m  the  refuse. — Editoiu.m,,  Clieiniciil 
Aijc.   page  419.  October  8,   1921.      (K.A.C.) 
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THE  CORRELATION  OF  METALLURGICAL  STATISTICS. 


Bv  HA.  White. 


An  enormous  mass  of  statistics,  comprising 
detailed  results  of  mining,  mechanical  and 
metallurgical  operations,  is  being  piled  up 
in  this  countn.-.  Upon  the  mines  the  figures 
referring  to  a  multitude  of  operations  are 
legistered  with  considerable  detail,  and 
abstracts  of  these  are  filed  by  the  Chamber 
of  Mines  and  in  various  Government  offices. 

No  doubt  a  large  part  of  the  va*;!  labour 
involved  niav  be  justified  bv  a  consideration 
of  the  valuable  comparisons  which  can  there- 
by be  made,  but  the  details  are  so  numerous 
and  complex  that  in  the  majority  of  cases  it 
is  only  total.s,  averages,  and  ratios  that  can 
obtain  adequate  consideration. 

Modem  ."tatistical  methods,  however,  have 
evolved  powerful  methods  of  analv^is  which 
extract  from  tfae^fe  raw  masses  of  figures 
much    v.'      ■'  "ion   which     can     be 

uted    to        ,  of   operations,    be- 

cause they  enable  the  results  of  «mall  varia- 
tions to  he  MK-iirelv  ined  and  they 
r<.v<:i|  the  interdepend!  ..  :  various  factors 
••  of  which  may  not  previously  be  sus- 
pected), whirh  afTert  the  results  of  the 
van'oii"  oj)erationH 

\Vh»»»i    we    recollect    the    weight    of   deduc- 

nnn   which    has    frequently   to  be   borne   by 

!•  ''  '  ■  '    as    the    results     of 

e._  or     less     artificial 

labr;ratory  conditions  it   becomes  an   obvious 

duty   to  '       <i   the   f  illiiig 

fffjrn    »»•■  .  .       ,  i'*   on    .1        .,  I  king 

all   the   farts   which  a   pro|>er   analyHi<i 

Me  us  to  deduce 

-'      "'r-  .,      Ih-      ri'i     doubt      thai 

could   Ix*  obtained   in 

the  Yields  of  mininf;.  |Kiwer  prrMluclion,  ro«t 

V'-  'I   in   n  '  Ji«T  dif  thi« 

I  Ije     •  ■    t     to     n  ■  . rgicnl 

'•    and    to    an    ex|Kiii'tion    of    suitable 


methods  of  deriving  <^herefrom  interesting 
facts  concealed  in  the  usual  methods  of  pre- 
sentation. In  order  to  give  a  clear  idea  of 
the  scope  of  this  paper  the  following  concrete 
instance  is  given:  — 

On  many  mines  an  elaborate  grading  of 
the  "final  pulp"  leaving  the  crushing  plant 
is  recorded  at  daily  or  even  8-hourly  inter- 
vals, and  the  division  niav  be  into  +60, 
+  90,  ^200,  -200  screen  grades.  Now 
every  metallurgist  is  convinced  that  his  resi- 
dues are  reduced  by  an  increase  in  the  per- 
centage of  -  90  ill  the  final  pulp,  and  pos- 
sibly a  few  ex])eriinents  have  given  him 
some  idea    of    the   actual    amounts    involved. 

An  examination  of  the  records  will  show 
consideraiile  fluctuations  both  in  the  grading' 
and  the  total  residue  values,  and  in  some 
few  instances  will  be  found  the  reverse  re>*ult 
of  a  iiigher  residue  corresponding  with 
higher  percentage  of  -90  ])roduct.  Never- 
theless an  application  of  tlie  met  hods  to  be 
outlined  to  all  the  relevant  figures  obtained 
during  tiie  j)eriod  present  methods  hav'e 
been  in  force  will  determine  with  certainly 
the  most  probable  decrease  in  total  residue 
value  which  cnn  be  secured  by  an  iiicica'sc 
of  1  per  cent,  in  the   -  90  grade  produced. 

Nf>w  until  this  fi^jiiro  and  the  rolalivo  cost -i 
are  known  it  is  clear  tluit  only  a  vague  idea 
of  the  economic  limit  of  finer  crushing  can 
be   ascertained 

In  order  to  fiirllier  drive  home  this  inatler 

and    to    emphaHise    the     difTereiice     between 

•ttnti«lic<«"    nnd    the    |irodiicl    of     the     mine 

^tnt  iHt  ician,    the    cane    of    result  h    of    sorting 

iiiay   be  need   an  an   illii^'t  rnl  ion. 

On  iiumt  mines  at  leavt  iiionlhlv  figiiroH 
are  .-d    xhowint'    the    "iirface    norling, 

tf>tu  ;;,    and    mill    wreoii    valiieN,  A 

pro|MT  analyt«i>i   of   the   relevant    figures   will 
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almost  inevitably  show  that  increased  -orting 
does  not  produce  the  ordinary  arithmetical 
effect  upon  the  screen  values,  although  in 
all  theoretical  discussions  of  this  subject 
that  effect  is  taken  for  granted.  If  the  fact 
be  ascertained  (as  in  certain  cafes  it  has 
been)  that  increased  sorting  actually  corres- 
pond;- with  a  decrease  in  screen  values,  it 
is  clear  tliat  the  question  of  sorting  is  more 
complicated  than  is  usually  realised,  and  the 
correlation  between  sorting  percentages  and 
actual  stope  widths  on  the  same  mine  be- 
comes of  interest. 

A  further  illustration  might  be  given  of 
statistics  not  yet  published  but  whicli  might 
possibly  prove  of  more  value  to  the  industry 
than  all  the  Commissions  yet  held  :  this  is  the 
relation  between  stojnng  width  and  cost  per 
ton  of  reef  mined  in  that  stope.  It  is  pro- 
bable that  such  figures  lie  buried  in  the 
mafse'--  of  mining  statistics  and  it  is  possible 
that  their  resurrection  might  prove  that  to 
carry  a  stope  at  42"  or  even  48"  where  the 
reef  channel  is  less  than  18"  is  far  from 
economical  practice,  though  the  more  usual 
methods  of  referring  costs  to  the  ton  of 
roe/,-  mined  might  conceal  the  true  facts. 

To  Professor  Karl  Pearson  the  scientific 
world  is  deeply  indebted  for  the  method  of 
correlation  and  various  developments  of  the 
modern  critical  apjiaratus  for  the  e.xamina- 
tion  of  statistics,  even  tliough  some  of  hi-- 
ideas  find  a  source  in  tlie  writings  of  Bravais 
and  Gallon.  Much  work  lias  also  been  done 
bv  G.  Udnv  Yule,  VV.  Palin  Elderton,  I'rof 
Edgeworth",  W.  Brown.  Prof.  G.  II.  Thom 
son,  and  others  to  whom  reference  is  gfiven 
at  the  end  of  this  paper,  and  whose  results 
are  utilised  in  the  sequel  without  further 
ackjiowledgement . 

Probably  the  most  acce'-sible  work  on  the 
subject  is  the  "Introduction  to  the  Study  of 
Statistics,"  by  G.  U.  Yule,  Chas.  Griffin  & 
Coy.,  London,  1912,  and  his  notation  is  fol- 
lowed herein. 

Sim  pi r   Corrr/fitinn . 

The  correlation  coefficient,  always  de- 
noted by  the  letter  "r,"  mav  be  considered 
a.--  a  measure  of  tlie  proportion  of  factors  of 
causation,  which  underlie  any  two  series  of 
observations  (o  be  comj^ared,  which  are 
common  to  both.  Thus  if  the  riijht  and  left 
fcnnirs  of  a  large  number  of  skeletons  be 
measured  the  correlation  coefficient  is  found 
to  be  09fi,  which  may  be  taken  to  mean  that 
of  tiie  hundreds  of  minute  causes  which  de- 
termine the  absolute  length  of  each  limb 
about    96%    are  common    lo   both    right    and 


left  sides.  If  the  observations  are  absolutely 
independent  the  correlation  coefficient  will 
be  in  the  neighbourhood  of  00  and  the  ex- 
treme limits  of  -I-  1  and  -  1  would  imply 
complete  direct  and  inverse  dependency  re- 
spectively. 

A  positive  result  will  be  found  in  such 
cases  as  the  fineness  of  crushing  compared 
with  extraction  results,  where  increase  in 
fineness  corresponds  with  increase  in  extrac- 
tion, whereas  if  the  total  residue  values  be 
substituted  for  the  extraction  results  a 
negative  coefficient  of  correlation  would  be 
expected  because  an  increase  of  fineness  of 
crushing  would  correspond  with  a  decrease 
in  total  residue  values.  It  is  obvious,  there- 
fore, that  the  sign  of  the  correlation  co- 
efficient only  shows  which  way  the  connection 
works,  and  it  is  the  absolute  value  which 
shows  the  closeness  of  the  connection.  A 
verv  small  result  has  very  little  significance 
unless  the  number  of  observations  is  very 
large  and  is  not  usually  relied  upon  to  show 
a  real  connection  unless  it  is  at  least  three 
times  the  "Probable  error"  as  subsequently 
defined. 

Tlie  following  notation  is  employed  in 
ascertaining   the   correlation    coefficient  :  — 

X     is   actual    measurement    of   each    item    in 
the  one  array. 

Y  is  actual  measurement  of  each  item  in 
the  other  array. 

X  is  the  difi'erence  between  the  mean  of 
the  array  and  each  item  of  X. 

y  is  the  difference  between  the  mean  of 
the   array    and    each    item    of    Y. 

N  is  the  number  of  observations  of  X  and 
Y. 

p  is  the  mean  product  of  the  associated 
differences,  x  and  y,  and  is  therefore 
equal  to  2xy/N,  that  is  to  say  the 
rum  of  everv  xv  jnoduct  divided  by 
the   number  of   observations. 

r       is  the  Correlation  coeflficient . 

(T  X   is  the  Standard  deviation  of  the  X  array. 

f  y  is  the  Standard  deviation  of  the  Y  array. 

b,,  bo,  are  coefficients  of  regression. 

Tlie  Standard  deviations  referred  to  above 
are  measures  of  the  fluctuations  observed 
and  indicate  the  variability  of  the  subjects 
considered.  Tlie  squares  of  eacli  x  (or  y) 
difference  are  added  together,  divided  by  N, 
and  the  'quare  root  of  the  result  is  then  the 
Standard  deviation,  which  is  thus  shown  to 
be  the  square  root  of  u'ean  square  of  the 
deviations  observed.  (The  average  deviation, 
regarriless  of  sign,  thoujjli  more  easilv  ob- 
tained,   is  not    so  amenable   to   manipulation 
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CORRELATIOX  BETWEEX  TOTAI.  SORTIXG  (X)  AXI)  X.C.U.  DUTY  (Y). 
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and  has  other  disadvantages  for  our  present 
purposes.) 

The  coefficients  of  regression  (a  rather  un- 
suitable term  inherited  from  Gallon)  are  the 
deviations  of  x  (and  vice  versa)  correspond- 
ing on  the  average  with  a  unit  change  in  the 
type  of  y,  and  their  use  in  enabling  equa- 
tions to  be  written  exhibiting  the  connection 
between  X  and  Y  will  be  illustrated  subse- 
quently. 

The  following  equations  are  of  great  im- 
})ortance  and  are  easily  retained  in  the 
memory :  — 

P 

tr  X 

b,=    r  — 

(T  y 

(r  y 
r 

(T    X 


1). 


To  determine  r  in  accordance  with  the 
first  equation  all  that  has  to  be  done  is  to 
find  the  mean  of  tlie  X  column  and  of  the 
Y  column,  write  down  the  differences  with 
due  regard  to  sign  in  two  more  columns, 
write  down  the  squares  of  the  differences  in 
furtlier  two  columns,  and  so  ascertain  the 
standard  deviations  as  above;  lastly,  the 
products  of  each  pair  of  x  and  y  are  written 
down  in  a  final  column  with  the  signs  at- 
tached and   p  may   be  determined   as  above. 

For  the  j)urpo''e  of  illustration  and  to 
make  the  method  of  woikiug  perfectly  clear 
the  followinsf  exami)le  is  oriven  of  (he  deter- 
mination  of  the  correlation  between  ])ercent- 
age  of  total  sorting  and  duty  per  Nominal 
Crusliing  Unit  of  Plant  :  — 

The  method  of  working  of  the  above 
examj)le  is  as   follows:  — 

For  each  month  of  the  jieriod  to  be  con- 
sidered write  down  in  ])arallel  columns  the 
])ercen(age  of  waste  sorted  and  the  corres- 
ponding crusliing  duty  in  tons  of  —90  pro- 
duct per  Nominal  Crushing  Unit.  The 
montii  is  chosen  as  the  statistical  unit,  rather 
than  the  week,  or  the  day,  owing  to  the 
effect  of  (he  storage  capacity  of  the  mill  bins 
rendering  (he  correspondence  too  inexact  for 
short  periods,  and  generally  in  metallurgical 
calculations  (his  method  is  (o  be  preferred 
for    various    reasons. 

Upon  totalling  U])  the  columns  and  divid 
ing  (lie  results  by  the  number  of  entries  the 


arithmetic  average,  correct  to  the  same  num- 
ber of  decimal  places  as  the  entries,  is  ascer- 
tained. 

Under  (lie  lieadings  "x"  and  "y"  the 
difference  between  each  item  and  the  average 
is  entered,  the  positive  and  negative  differ- 
ences being  placed  in  separate  columns  for 
ease  of  addition. 

The  addition  for  the  positive  and  negative 
columns  in  each  case  must  be  nearly  the 
same,  and  the  differences  found  may  be  used 
as  a  check  by  comparing  with  the  remainder 
found  when  taking  out  the  averages  for  the 
first    two   columns. 

Thus  57102  divided  by  49  gives  11-65  with 
the  remainder  01 7,  and  the  same  result  is 
obtained  by  subtracting  the  sum  of  negative 
differences  7345  from  the  total  of  the  posi- 
tive differences  73-62.  A  correction  could 
be  applied  to  allow  for  the  neglected  decimal 
places  in  the  true  average,  but  it  is  not 
necessary  in  work  of  this  kind. 

The  next  two  columns  contain  the  squares 
of  (lie  deviations  shown  under  "x"  and 
"y."  These  columns  are  added  up,  the  sum 
divided  by  the  number  of  entries  (49)  and 
the  square  root  of  tlie  result  extracted. 
This  efives  tlie  Standard  deviations  as  ex- 
plained  above. 

The  last  column  is  obtained  by  multiply- 
ing together  each  corresponding  "x"  and 
"y"  and  writing  down  the  products  in  two 
columns  in  accordance  with  appropriate  sign. 

These  two  columns  are  added  up,  the  less 
subtracted  from  the  greater,  and  the  remain- 
der divided  bv  the  number  of  entries  gives 
llu'  ])i()(luct   moment   with  its  proper  sign. 

Tlie  correlation  coefficient  "r"  is  then 
obtained  in  accordance  with  the  formula 
shown,  and  in  this  case  equals  +  0.4388,  but 
in  Older  to  be  sure  of  its  sigfiiificance  it  must 
be  compared  with  its  own  standard  error. 

The  probable  error  of  r  is  equal  to 

,.2 

—  X  •(57  =  -'-  -078 


1  - 


nnd  as  r  is  more  than  three  times  its  prob- 
able error  it  is  higiilv  ])robable  that  the 
result  is  significant,  and  it  is  fairly 
certain  that  the  more  waste  is  sorted  out  the 
nioie  easily  is  the  remainder  reduced  in  the 
mill;  this,  of  course,  m-iy  be  due  to  tlie  fact 
that  tiie  waste  is  liarder  to  crusli  llian  the 
average  oie,  or  ])ossiblv  that  the  ])rop()rt ion 
of  the  .'■ofter  shale  is  greater  in  the  average 
ore  than  in  the  portion  sorted  out. 
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Such  alternative  conclusions  are  frequently 
the  result  ox  preliminary  investigations,  but 
if  the  necessarv  data  can  be  secured  a  fur- 
ther application  of  the  same  methods  will 
vield  unambiguous  results.  In  this  instance 
if  there  is  any  doubt  it  can  be  solved  by  an 
examination  of  the  waste  sorted  and  by  a 
comparison  of  the  shale  in  the  ■sorted  rock 
and  in  the  head  gear  fines. 

Coefficient*  of  Ref/resxions:. 

The  coefiBcients  of  regression  are  usually 
denoted  by  b,,  b,,  etc..  where  b,  is  the  re- 
E^res-rion  of  x  on  v  or  the  deviation  in  x  cor- 
lesponding  with  unit  change  in  the  type  of  y, 
and  b,  is  the  resrression  of  v  on  x  or  devia- 
tion in  V  corresponding  on  the  average  with 
unit  change  in  x.  Thev  are  determined  as 
follows :  — 


ATX 

<rv 

1.1   =  r- 

1.3   .  r- 

<ry 

<T\ 

anJ  x  =  biy=<rxv/l-r2       y  =  b2X=o-yv^l    r^ 

I  he  terms  j)receded  bv  the  —  sign  indicating 
the  standard  error  in  estimating  v  from  x 
or  vice   ven-a. 

Aj.plied   to  the   above  example   it    will   \w 
found  iliaf 

•1593 

b,    =     4388    X    =     ^019745 

3540 
and    y    =      •Ol'.l74'ix      -    0.143.       Hut    it    is 
obvious  that  y  =  Y  -  3  772  and  x  =  X  -  1 1  fi"> 
hprefore  Y  =    *O.OI97X         0.143    ^3.542. 
That    in    the    N.C.U      Dutv    tqual"^   3  542 
.  Iu.<t   percentage  of   total   sorting    multiplied 
bv  0-0197,  and  the  odds  are  very  great  that     \ 
the  result    ho   obtained    will    not    be    out    by 
0  429    ''that    i."*     three     time.n     the     probablf 
rror).     Consequently  an  incre^.^e  in  sorting 
of,   say,    10   |.er  '•»-nt     would    \ye   followed    bv 
an  inrrea^e  in  N  C  U     Duly  of  5i  per  cent, 
■f   itii   previoun   fieure       Though    the   varia-     ( 
>>ililv  of  the  1:  of  the  ore  i«  "o  greit 

aj»  to  render  :...  i.^ult  uncertain  for  iny 
partiriilar  month  yet  it  would  i>e  obtained 
v«  ry  rl<i«e1y  if  a  nufllcienlly  long  peritxJ  in 
•  h'r^en 

We  have  now  ««en  how  it  in  ponnible  from 
tiitabty    cho>en    NetH   of    fif^uren     to     obtain 
•■••.'  ...la 

lie  cfjuationii,  and  it  remainii  to  be  rhown 
from    '<  what      informal  ion 

>■•  »v   l>«-   .4   lurh   reMuIln  and    to 

1 1    UM>  they   may   b«  put     in    improvint; 
deti^n   or  running  of  metallurgical   plants 


.4  rtriii/(s  and  Stdiidiiid  Deviations. 

In  spite  of  much  interested  and  interesting 
calculation  expended  upon  attempting  to  de- 
monstrate the  contrary,  mathematicians 
are  in  agreement  upon  the  fact  that  the 
arithmetical  average  of  a  series  of  observa- 
tions is  more  probable  than  any  other,  aiad 
in  itself  expresses  the  essence  of  possibly 
lengthv  statistics  with  accuracy  and  brevity. 
Comparisons  of  averages  obtained  as  results 
of  similar  operations  on  various  mine';  are. 
however,  frequently  deprived  of  nnuh  value 
not  only  owing  to  differences  in  the  known 
conditions  (which  might  possibly  be  elimin- 
ated bv  making  the  necessary  allowances), 
but  also  owing  to  numerous  but  only  partly 
known  variations  in  the  character  of  the 
ore  such  as  in  hardness,  mineralogical  com- 
position, distribution  and  dispersion  of  the 
gold.  More  valuable,  therefore,  are  com- 
parisons of  average  results  obtained  for  suc- 
cessive periods  on  the  same  mine,  and  in 
some  cases  it  may  prove  of  interest  to  com- 
pare, say,  the  average  extractions  over  a 
])eriod  of  years  for  each  month  and  plot  the 
results  on  tlie  same  chart  with  the  tempera- 
ture and   rainfall   annual  variations. 

F'igure  1  is  given  in  order  to  illustrate 
the  advantages  and  suggest iveness  of  such 
metliods,  and  throws  light  u])on  the  discus- 
sions which  took  place  years  ago  as  to  thB 
connection  between  temperature  and  rainfall 
and  the  cyanide  treatment  of  banket  ore 
It  will  be  noticed  (hat  there  is  an  obvious 
FUggestion  of  an  o])timum  tem|)erature  for 
extraction  which  may  be  exceeded  in  the 
sumn'er  months. 

Though  averages  express  the  (ruth  thev 
do  not  tell  the  whole  (ruth,  as  very  wide 
fluft nations  may  be  en(irolv  ignored.  I(  is 
on  (he  Far  VauA  Rand  whore,  though  average 
values  may  be  high,  iIm-  percentage  of 
payal>ili(v  of  ore  dovflo|)od  is  low,  tliat 
greaier  fluctuations  may  he  rx])pctcd  in  aP 
diiectiont  than  in  (he  C'en(rnl  Rand,  ami 
ficrordiiigly  (ho  v( Jindar<l  dovia(ions  will  illus 
(rH(e  (Ihh  f ac( .  Probably  (ho  ••iMiples(  and 
be''(  way  of  expre!^^'ing  variabili(y  in  resuhs 
iM  Hhown  in  the  following  well-known  for- 
mwin 

S(atidni<l    I  )<'\  i;il  inii 

,  VHriHbili(y  m    |0() 

Average   valiio 

Tho  following  tahlo  hIiowh  the  variiibililv 
«'xhihile<i  by  fl(iti«licM  over  four  yoarH  or 
more  on  a  Far  K»n(  Hand  niino,  and  thoir 
value  would  certainly  be  cnhniiced  if  >iniilar 
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results  were  obtainable  for  a  tN-pical  Central 
Rand  mine  for  comparison. 

V.iiRIABILITY    OF    METALLURGICAL    RESULTS. 

o' 

Screen  Values  716 

Extraction  by  Amalgamation  7  66 

Total   Extraction    0  81 

Sand  Extraction  14-39 

Slime  Extraction 7-43 

Sand  Original  Value 9-49 

Sand  Residue  Value  (Last   Draining?)  36-68 

Slime  Original  Value   10-47 

Slime  Residue  Value  (Washed)    16-30 

Total  Residue 1305 

Stamp  Dutv   3  18 

N.C.U.   Dutv  Stamps   .  7  99 

X.C  U.   Dut'v  Tubes  6  73 

sex.   Duty  Total    4  22 

It  will  be  obser\-ed  that  the  variability  of 
the  all  over  extraction  is  far  less  than  that 
of  the  items  upon  which  it  depends  and  that 
generally  Residues  are  more  variable  than 
Extractions. 


Another  use  to  which  Standard  Deviation 
figures  mav  be  put  depend';  upon  the  fact 
that  differences  from  the  mean  values  in 
excess  of  three  times  the  Standard  Devia- 
tion are  verv  rarelv  met  with,  and  that  if 
five  times  the  Standard  Deviation  is  re- 
ported a  blunder  may  be  locked  for. 

Correlations. 
In  order  to  give  some  idea  of  tlie  range  of 
results  to  be  expected  the  following  list  of 
correlation  coefficients  is  selected  from  a 
ven.'  much  greater  number  that  have  been 
calculated. 

Thev  are  arranged  in  order  of  value,  and 
it  will  be  understood  from  above  that  the 
positive  sign  signifies  that  the  correspond- 
ence is  direct  while  the  negative  sign  shows 
it  to  be  inverse;  where  the  value  is  more 
than  three  times  the  standard  error  some 
effect  is  practicallv  certain,  where  less  than 
the  standard  error  the  correlation  coefficient 
indicates  the  probability  that  there  is  no 
connection  between  the  series  involved. 


Correlation  between  r  Probable  error. 

A.V.   Pulp  and  A.V.   Slime  Original   +0  919  ...  rbOOl.5 

A. V.  Pulp  and  A. V.  Sand  Original -1-0913  ...  ^^0016 

A.V.  Screens  and  A.V.  Pulp 4-0-859  ...  ±0-025 

A.V.  Screens  and  A.V.  Slime  Original -1-0759  ...  h=0-041 

A.V.  Screens  and  "„  Total  Extraction  -1-0601  ...  ±0148  (I  year) 

A  V.  .Srreenx  and  A.V.  Sand  Original   -0-600  ...  ±0061 

KCN  "„  and  NallO  ^,  in  Slime  Sump -^0-5.30  ...  ±0  070 

200  in  Slime  and  Washed  Residue   -(-0-420  ...  ±0079 

-90  in   Pulp  and   ",',  of  Slime  Collected    -1-0  342  ...  ±0  079 

Stamp  Duty  and   N.C.U.   Duty     Stamps   -h0300  ...  ±0087 

Screen  Aperture  and  %  -  90  in  Screen  Sample    ...  +0071  ...  ±0095 

Stamp  I>uty  and   ".  -  90  in  Screen  Sample' -0057  ...  ±0096 

%   Sorted  on  Surface  and  Total   Extraction    -()-4<».S  ...  ±0083 

KaIio  Solution   to  .Sanrl  and    La^lt    Draining!*    .  -0  589  ...  ±0063 

Minutes  wa.<)hed  and  Laj«t  WashingH  (Slime)  0  617  ...  ±0059 

*"finute>i  wa'»hed  and   Lant   Wa-shings  (Slime)  0  729  ...  ±0045 
(Sumji   value  deducted.) 

A  further  reference  to  the  Higmfirance  of  outline   of  the  more   noteworthy   results  ob- 

•:<iine  of  ■'•'      '    ••'    •■•;.-(      -I!  he  found  later  tairipfl  for  the  priru-ipal  motalliirgiral  opera- 

on,  but  ..     •  ••d  to  the  rpHult  tioiis    rullicr    than    to    take    oni-    seel  ion    and 

that  the  Percentage  of       lH»  material  in  Mill  "I'ply  the  detailed  vcrutiny  required   for  tin* 

Scre*-^    '-'  '•  ■     r<»  to  l>e  pra^'tirally  un  (■oin|>lfle    elucidation    of    the      iiiiiin      fiK-lors 

.nffr-r'.  ..    af>erture     of     Screen  involved 

I  or  by  the  Stamp  Duty  obtainable. 

tlti*    ut   rour»e    only    applir*    to    very    roarne  Snrtiiit/ 

Tuahinff    »«    with    \'    to    I'    Screen-  vr /.  i»     i,   .      /.    .    u  -i  r-"  /.ooj 

"  •  Nil.    Duty    (total)    —    Aitii  0(12.1     x 

CllABAfTrillHTir    KQCATIO.m  j„j^|    ^„V,inj^    a;       .    0  147 

In  order  to  arou«e  interent  in  llie  melhrMl  N.C  U.    Duty    (total)    =    3542     <     0020    x 

it    haM   b««n    ihouKlit    preferable    (o  give  an  Surface  Mirting   %    »    0  143. 
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In  each  case  r  is  more  than  4  times  the 
standard  error,  and  it  seems  clear  that  in- 
creased sorting  results  in  improved  crushing 
quality  and  that  the  waste  sorted  out  is 
iiarder  than  the  ore  milled. 
Screen  Value  =  7-664  -  0048  x  Surface 
sorting  %    ^=0-838  dwt. 

As  r  is  only  —0149  r-0073,  that  is  about 
twice  the  probable  error,  the  only  absolutely 
safe  conclusion  is  that  surface  sorting  does 
not  increase  the  screen  value  in  the  way 
that  most  discussions  on  the  subject  have 
assumed,  and  that  the  only  certain  method 
of  increasing;  tlie  value  of  the  ore  milled 
under  ordinary  working  conditions,  where 
tonnage  has  to  be  found  somehow,  is  to 
reduce  the  stoping  widths  as  ascertained  by 
exact  and   independent   measurements. 

( '  nisji  I  iifi . 
Stamp  Duty   =    17093    -    2148    x    Average 
aperture  of  Screens  nz  0-470. 

This  is  given  as  an  instance  of  the  care 
that  must  be  exercised  in  drawing  deductions 
from  results  obtained.  As  r  =  —0-261 
±0089  a  significant  connection  is  fairly 
probable,  but  it  is  obvious  that  the  con- 
clusion that  increasinof  the  .screen  diameter 
(lecrea.ses  the  Stamji  duty  cannot  be  correct. 
The  explanation  lies  in  the  fact  that  in  order 
to  maintain  a  constant  tonnage,  suitable  to 
other  plant  conditions,  the  adjustment  is 
done  by  changing  the  screens  when  the  rock 
varies  in  hardness,  if  the  crushers  liave  worn 
a  little  too  coarse  or  any  other  factor  has 
changed.  Experience  can  usually  decide 
when  two  things  varv  simultaneously  which 
represents  the  cause  and  which  the  effect, 
but  if  there  is  any  doubt  further  statistics 
can  usually  settle  the  matter. 
N.C.U.  Dutv  (Stamps)  =  0-814  -f  0-162  x 
Stamp    Duty    ^0-250. 

As  r  =  0-300  i: 0-087  it  is  evident  that 
there  is  a  strong  common  underlving  factor 
no  doubt  connected  with  the  hardness  and 
toughne.ss  of  the  ore  mined. 

Tiitic  MilInK/. 
N.C.U.   Duty   (Tubes)    =    4-130    -    0  150    x 

Screen  a])erture  ■  0-270. 
As  r  is  only  0-033  .  009G  aiul  is  thus 
much  less  than  the  probable  error  the  im- 
])()rlant  conclusion  can  be  drawn  that  the 
Tube  duty  is  not  affected  by  size  of  particles 
fed  within  the  range  dealt  with  from  §" 
to  1". 
N.C.U.  Duly  (Tubes)  =    1-152   +  0034    x    % 

of   +    90  enferincr       i  0-255. 
N.C.U.  Dutv  (Tubes)  =  4-106  -  0  002   x    % 

of  -t-    90  leaving     ±0  270. 


These  equations  demonstrate  the  import- 
ance of  keeping  the  tube  feed  as  free  as  pos- 
sible from  —90  material,  but  shew  the  in- 
significant effect  of  the  grading  leaving  the 
tubes,  contrary  to  the  popular  impression 
(previously  shared  by  the  author).  In  this 
connection  variations  in  the  -200  material 
must  be  considered. 

Gradiiiq  A  nah/ses. 
%    -90  in  Final  Pulp  =    77-26   +    11-488    x 
Mill  Screen  aperture      t    2-075. 

This  equation  was  calculated  in  order  \o 
test  the  equation  given  under  Crushing,  and 
merely  confirms  tiie  exj)lanation  there  given 
of  the  apparently  anomalous  effect  of  in- 
crea.sing  the  aperture  of  the  mill  Screens. 
If  the  Screening  were  changed  independently 
of  ore  feed  conditions  it  is  obvious  that  very 
different  figures  would  result  for  both  equa- 
tions. 
%  of  ore  collected  as  Slime  =  27-20   +   0-426 


<>/ 


90  in  final  pulp     rhl-64. 


The  value  of  r  is  0-363  ±0-083,  and  the 
result  of  increasing  the  percentage  of  —90  in 
final  })ulp  can  readilv  be  calculated  as  to  the 
effect  upon  pro])ortion  to  be  treated  in  the 
Slime  Plant.  Ff  all  the  ore  is  crushed  to 
])ass  90  Screen  this  would  only  give  from 
69-8  to  71-4%  of  ordinary  Slime,  and  this 
would  certainly  not  be  "All  Sliming,"  ;-3 
sometimes  stated   in  the  Financial  Press. 

.Issti//    Values. 
A.V.    Pulp    (Direct)    =    0-738    -f    0-823     x 
A.V.  Pulp  (Calculated)    d  0-219. 
As    r   has   the   high    value   0-852     .4^  0-026 
the  obviouslv  close  connection  is  well  brought 
out,    but    each    figure    is    subject    to   its    own 
independent   causes   of   variation    to   a   slight 
extent . 
IMilp  Value  (Direct)   =    -0-484    -t  0-671    x 

Screen  Value      ±0-274. 
l»ulp    Value    (Calc.)    =    0-292    -f     0-559     x 
Screen  Value     ±0-318. 
The  value   of   r   for  direct  value  of    pulp 
sample   is   0-859    *-     0-025    against   0-740    i: 
0-034    for  tiie  calculated    value   from    Assays 
of   Slime   and   Sand    and    tonnages   of    each. 
Though  better  sam])lps  can  jirobably  be  taken 
from   I  lie   two   latter   ))roducts   the  variations 
cau.sed  by  errors  of  tonnage  estimates  cause 
the  direct   pulj)  sample  to  possess  the  higher 
l)robabilitv. 

A.V.  Sliiiie  Original  =  0-918  -f  0-555  x 
A.V.  Sand  '.0361. 
As  r  is  0-710  ±0-048  there  is  a  consider 
able  common  cause  underlying  both  fluctua- 
tions, and  this  is  obviously  the  variation  in 
Screen  value  of  the  ore. 
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and  tliis  would  apply 
■  ■  .iiHion  tlial  tlio  pqiia- 
2(N^)   Saii'J    would    kIiow 


onlv    74',,    Kxtraction.    but     lhi>     deduction 


that   the  ' 
Sand    Vi» 


( 'v4rii<ii 


.  I. 


for  llii»  inal(>rial   is  tho 
lo    he    ju*"!. 


Sloret  i'ontuinfti 


Extractions. 

Total  Extraction  =  9946 ^o  -  0004   x   Tons 
Milled  per  day   =  0-66  ^o- 
r  =    —0  482      i:0074,   and   of  course  ihe 
equation  applies  onlv  when  the  size  of  plant 
is    fixed    and    the    tonnage    actually    treated     j 
varies.      Suppo.=ing   a   fairlv   balanced    plant     I 
gave  an  extraction  of  94-26%  when  treating 
1,300  tons  per  diem:  at   1,400  tons  the  Ex- 
traction  would   be   93  86,   at    1,500    tons    it 
would  be  93  46%,  and  at  1.600  tons  it  would 
be  93  06%,  with  a  fluctuation  of  a  little  more 
than  a  half  per  cent,  either  way.     The  often 
mentioned    'capacity"    of   a    plant    i<   there 
fore  not  a  definite  figure  unless  the  extrac- 
tion peicentage  at  the  economic  limit  is  also 
given.     Of  course  the  economic  limit  of  ex- 
traction is    not    the   same   on    the    Far    East 
Rand   as  on  the  Central   Rand,   and  is  pro- 
bablv   not    exactlv   the  same   figure   even   on 
neighbouring  mines. 

Total    Extraction    =     89  19^'..     ~    0  050     x 
%  of   -90  in  Pulp     ±0  74%. 

Here  the  value  of  r  is  onlv  0146  -  0096, 
which  indicates  that  the  effect  of  finer  grind- 
ing may  be  majked  by  variations  in  the  ore 
in  other  directions,  and  in  anv  ca'e  is  not 
so  great  as  u.^ually  found  on  the  Rand  ;  in- 
crea.'^ing  from  90",,  of  -  90  in  the  final  pulp 
to  the  yo-ralled  "All  Sliming."  that  is  to 
100",  of  -90,  can  only  be  expected  to  in- 
crea.»e  the  extraciiun  bv  half  a  per  cent,  and 
requires  either  high  value  ore  or  chei]) 
crushing  in  order  to  be  economical. 

Slime    Extraction     =     94  13",,     -     0-201      x 
"„  of    ^    200  Sand         0  59%. 

A«  r  =  0  505  •  0-071  the  effect  ujjoii 
Slin  r-  R»-idiie  of  the  pre-ence  of  -^  20('(  Sand 
I"         ■  !  the  inclusion  of  35",,  of 

Ml-  •-  |M>rtion  treated  a«^  ».Iinie 

by   ordinary    metho«l<t    would    in    accordance 
wif'  'ion  lower  the  extraction  ob- 

la  •  Thit  concluyion  if  of  course 

Iflkble    to.  an    extrap<jlation    error,    ai«    it    in 

ev«-; 

tion   for    i  '>f 


«on  «;  0.031    X 

r  I ,  and  it   in  (liereforr> 

probnbi»>  thiit  ■  gain  may  be  made  on  cyanide 


consumption  by  treating  as  much  as  possible 
of  the  ore  in  the  Slime  Plant. 

Teinpeiatttre  and   Fain  fall. 

Mill  Extraction  =  23-41  -r  0-268  x  Degrees 
Fahrenheit  zt  2-47%. 
The  correlation  coefficient  is  0  549  zL  0-067, 
and  this  makes  it  practically  certain  that  in- 
creased temperature  is  very  beneficial  to 
amalgamation  extraction.  This  throws  light 
upon  the  discussions  on  this  point  held  years 
ago  in  this  Society,  when,  however,  the  free- 
dom of  debate  was  not  circumscribed  by 
adequate  statistics.  The  effect  can  readily 
be  explained  by  a  consideration  of  the  fact 
that  higher  temperature  not  only  reduces 
the  vi.-cosity  of  water  very  considerably, 
thus  enabling  gold  almost  fine  enough  to 
escape  to  be  letained  on  the  plates  or  in 
the  final  cones,  but  also  i educes  surface  ten- 
sion and  slightly  decreases  the  specific 
gravity  of  the  fluid  in  which  all  tlie  opera- 
tions are  performed. 

The  tempe'.atures  used  in  this  calculation 
were  kindly  supplied  from  the  Johannesburg 
Observatory  and  through  the  courtesy  of 
-\Lr.  Stewart,  Government  Meteorologist. 
They  are  based  on  the  mean  between  the 
averaire  maximum  and  mininuim  dailv  tem- 
peratures  for   each    month. 

Total  Residue  =   0-692   -   0  0035    x    Degrees 
Faiirenheit     ±0059  dwt. 

Here  again  the  correhition  roenicicnl  is 
-  0-.342  ±:  0-085.  and  higli  enou-h  to 
render  it  certain  that  higher  temjierature 
improves  extraction,  tliough  a  ufereiice  to 
figure  I  will  --how  the  probability  that  a 
limit  in  this  direction  is  reached  at  about 
ninetren  degrees  centigrade  for  a  monthly 
average,  and  the  suggestion  is  that  de- 
creased solubility  of  oxygen  and  increased 
chemical  action  for  other  competitors  than 
gold  begin  to  lake  effect  more  conHpicuo\islv 
than  the  increasrd  rate  of  diffusion  of  s(  tliuni 
aurocyanide    will    c(/Uiilorl)alanco. 

Uv  a  Hoincwhal  diffrrcnt  nut  hod  of  calcu 
hilion  a  figi'ic  c;ilhd  the  correlation  factor 
can  be  calculutcd  in  c;i.s<«h  of  this  sort,  wln-re 
u  iiiaxiMiuni  or  ininimiiin  iH  involved,  aiid  the 
relation  (•»  he  rlnvclopetj  is  no)  siinicientlv 
iienrlv  linear,  but  it  i^  iiHunlly  mfflciciil  to 
lire  the  ptcM-nl  method  if  a  diagram  of  the 
obfetvniioini  in  plot  led  in  »»rder  fo  av«»if| 
wf  Moffl  of  inti-ipretalioii, 

I''  e  of  .  200  ill  .mi MM.  -   ofl  -  oonr.. 

.      I  »egreeH    Kahr.       •     I  7'  , 
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The  correlaliou  coefficient  is  only  a  little 
more  than  twice  the  probable  error,  but  it 
is  clearly  probable  that  the  part  of  the  +200 
material  which  might  just  escape  to  the 
Slime  riant  in  cold  weather  is  allowed  to 
settle  in  the  sand  separators  when  the  tem- 
perature is  liigber  for  the  same  reasons  as 
are  operative  in  the  case  of  amalgamation  as 
criven  above.  The  deduction  must  be  drawn 
that  the  old-fashioned  method  of  inter- 
mingling the  condensor  water  with  the  mill 
circuit  has  possibly  been  dropped  without 
cVie  consideration  o"f  all  tlie  factors  involved. 
It  has  been  found  that  there  is  strong 
con  elation  between  the  rainfall  and  monthly 
temperatures,  due  to  the  fact  that  our  rain- 
fall i-^  seasonal  and  in  the  summer  months; 
and  though  a  considerable  correlation  can  be 
demonstrated  between  the  lainfall  and  mill 
extractions  it  is  not  probable  that  any  direct 
action  is  considerable. 

Mii.TTPT.E  Correlation'. 

So  far  we  have  dealt  with  simple  correla- 
tion, which  only  deals  witli  the  variation 
caused  by  one  factor  when  all  the  others  are 
varying  at  the  same  time  and  our  equations 
involve  only  two  unknowns.  By  a  somewhat 
leui^thy  manii)ulation  of  the  correlation  co- 
efficients for  every  pair  of  up  to  1  factors  it 
is  i)ossible  to  deduce  equations  in  which  the 
coeflicient  of  each  factor  determines  its  effect, 
when  all  the  other  factors  are  held  constant 
and  two  e()uations  are  given  below  to  show 
what  sort  of  result  may  be  obtained  in  this 
way. 

Tt   is  not  ])roposed,  however,  to  show  how 
to   calculate    such    equations    unless    the    dis- 
cussion  shows   that    it   is  strongly  demanded. 
Screen  Value  =   6-874   -   0-089  "x    %  Sorted 
on   Surface    +    0092    x     %   Total   Sort- 
ing  ±0  816. 
This  equation  certainly  provides  cold  com- 
fort for  the  advocates  of  increased  sorting  on 
the   -nrface,   but    the   correlation   involved    is 
only  0  276,  wliich  -hows  that   other  more  im- 
portant   factors   snch   as   sloping   widths   and 
reef  valne  variations   are   in  ojieration. 
Total    Extraction     =     90.36     -     00049X     + 

0-696 Y    -f   0-0552  Z  ±    0057%. 
Where  X    —    Tons  milled  per  diem 
Y    =    Screen  Value 
Z    ^    '•.'.   of    -90  in    i^llp. 
This    shows   the    increased    effect    of    finer 
grinding  ob^prvpd   when   the   tonnage  is  held 
constant    and   with    nnvarying   Screen   Value, 
but  does  not  materially  affect  the  results  pre- 


viously arrived  at  by  simple  correlation 
metiiods,  but  only  increases  their  accuracy 
and  certainty.  The  effect  is  very  much  the 
same  as  with  ordinary  chemical,  physical,  or 
metallurgical  experiments,  where  all  the 
factors  but  one  are  kept  constant  and  the 
effects  of  varying  this  one  factor  observed. 
The  twofold  advantage  is,  however,  secured 
of  using  the  actual  working  scale  for  the  ex- 
periments and  collecting  the  independent 
effects  of  four  variables  at  once.  It  is  even 
ijos'^ible  CO  determine  any  number  of  factor- 
this  way,  but  the  arithmetical  work,  lengthy 
with  four  factors  becomes  practically  pro- 
hibitive if  more  are  attempted. 
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Vai-ious  articles  will  be  found  in  the  Philo- 
sophical Magazine,  and  in  Philosophical 
Transactions,  by  Karl  Pearson,  F.  Y.  Edge- 
worth,  E.  C.  Snow,  L.  Tsserles,  and  others 
dealiiiij  with  ])articular  branches  of  this  sub- 
ject, and  the  last  edition  of  the  Encyclopedia 
Britannica  may  be  consulted  with  advantage. 


DISTRIBUTION  OF  GOLD  IN  BANKET 

ORE    CLASSIFIED    I'RODUCTS    WITH 

REFERENCE  TO   .MILLING   AND  CYA- 

N I  DING  OPERATIONS. 


By      F.      WARTE\\VEILf:R. 


DlSCU.S.SION. 

Mr.  H.  R.  Adam.  With  regard  to  the 
question  of  the  association  of  the  gold  and 
the  pyrite  in  banket  ore  it  is  a  little  unfor- 
tunate that  y\r.  Wartenweiler  added  pan- 
iiings  of  the  flotation  tailing  to  the  flotation 
concentrate;  otherwise  the  flotation  method 
distinctly  overcomes  the  "forced"  association 
suggested  by  ]Mr    White.     The  flotation  con- 
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cent  rate  must  consist  of  clean  pyrite  along 
with  a  greater  or  lesser  proportion  of 
"  mixed  "  particles,  but  silicious  particles 
having  no  attached  pvrite  would  not  float  to 
anv  extent  even  if  all  the  gold  in  the  sample 
were  distributed  amongst  them.  Further  it 
is  difficult  to  conceive,  with  such  low-grade 
material  as  was  treated,  of  anything  but  a 
negligible  number  of  gold  particles  unat- 
tached to  either  pyrite  or  silicious  particles. 
The  figures  in  the  first  two  tables  are  very- 
clear  indications  of  the  association  of  the 
gold  with  the  pyrite.  A  greater  percentage 
recovery  of  gold  was  naturally  obtained  by 
prolonged  flotation  since  the  concentrate 
would  then  contain  most  of  the  "mixed" 
grains  as  well  as  the  clean  pvrite.  but  the 
actual  gold  value  of  the  clean  pyrite  is  con- 
'      "  er  than    when    a    greater  pro- 

...ca  is  present,   f.;/.:  — 

Table  I.   (prolonged  flotation) — 
Value  of  concentrates — 

22    dwts.   ton    and    36  2    dwts.    ton. 
Table  II.  ^same  samples,  clean  pyrite) — 
Value  of  concentrates — 

36-2  dwts. ,  ton  and  551  dwts. /ton. 
t.r.,  the  cleaner  tlie  pyrite  the  higher  the 
gold    value. 

The  value  of  Mr.  Wartenweiler's  figure", 
m  far  as  this  particular  problem  is  concerned. 
is  ereater  than  that  of  those  quoted  by  Dr. 
'  e   the    "gravity"    tailing    con- 

.  ,    .i     .....rh    as   •825',,    pyiite  while   the 
f^' /ation   figures   were  a.««  low   as      16",,     and 
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productiou  ot  unnecessary  smoke  or  incom- 
pletely burnt  gases  by  regular  and  frcqiient 
firing  of  coal  in  small  quantities,  and  by  keep- 
ing a  proper  depth  of  fire.  Open  the  air  checks 
in  the  furnace  doors  only  after  firing,  at  other 
times  keeping  the  checks  closed;  (3)  regulate 
the  draught  liy  the  damper  to  burn  the  coal 
with  the  minininin  excess  of  air.  Try  to  obtain 
12%  CO,  in  the  furnace  gases,  and,  if  neces- 
sary, reduce  the  grate  area  to  secure  this 
result:  (4)  keep  the  grate  covered,  the  fires 
level  and  free  trom  holes.  Use  the  rake  when 
necessary-;  (o)  carefully  examine  the  setting 
and  stop  all  in-leakages  of  air;  (6)  keep  the 
heating  surfaces  free   from   soot   and   flue  dust; 

(7)  keep   the   internal  surfaces  free   from   scale; 

(8)  do  not  force  the  boilers  unnecessarily ;  (9) 
examine  flues  and  battles  carefully.  Repair 
where  necessary  to  avoid  by-passing:  (Id)  effi- 
ciently lag  the  boilers  and  steam  jiipes.  includ- 
ing flanges:  (\))  do  not  blow  down  the  boilers 
uuneces-sarily ;  (12)  keep  the  boilers  filled  to 
the  working  level  by  a  continuous  and  steady 
feed ;  (13)  avoid  leakages  of  steam  from  boiler 
fittings,  drains,  etc.;  (14)  if  steam  is  used  in 
pumps  or  a>ixiliaries.  u.se  the  exhaust  for  pre- 
heating the  watei- ;  (lo)  if  steam  jet  blowers 
are  used,  keep  the  jets  in  good  condition  by 
renewal  as  necessary,  an<l  regulate  the  pres- 
sure on  the  jets  to  the  minimum  necessary  for 
the  load:  (16)  if  economisers  are  providi'd,  re- 
cord the  temperatures  of  water  enteiing  and 
leaving:  (17)  make  periodical  measurements 
of  CO.,  in.  and  temperature  of.  flue  gasivs 
leaving  the  boiler  untltT  average  conditions,  to 
estimate  the  approximate  boiler-  ethciency. — 
liiil.  Kii'iiiH'i-i  iii'i,  iiages  14C-7.  Sejitember  U), 
1921.     (.I.A.W.) 


QrVNTIT.\TIVK        I'ltKCIIMT.^TION        Ol         (Joi.l)        IIY 

Mka.ns  ok  tiik  Ki.kcthic  Ciukknt.-  \V.  D. 
Treadwcll  [  Hrlrifii  ii  ('himini  Aitn.  1921,  iv., 
.■«>l-;i»)7|  states  that  metallic  gold  may  be  de- 
|iosite<l  qiniiititatively  from  its  .solution  as  a 
(hloridi-  by  means  of  the  electric  current,  pro- 
vided the  solution  (ontains  ammonium  acetate 
plus  either  iivdioi'hlori<-  oi°  sulphuiie  aeid. 
I'siiig  this  eh-et  i-olyti'  and  the  jiroper  voltage 
gohl  may  be  sepaiateil  troiii  copper,  palladinin 
and  piatiiiiiin.-  \V.  I).  Thkadwhi  ,  .hniinnl 
I'muklii,  hisliliilv.  \'ol  I'.t2.  No.  :<.  paue  290. 
SeplenilM-r.    lirJI        (.l..\  \V  ) 

Voi.mi.lHATION       OK       IUni\(TOItV       SlHSTANCHH. 

.\  very  iiiter«'stiiig  a<-eount  ot  an  extensive 
M-rien  of  experiments  on  the  "Heliitive  \'ola- 
tilily  of  Itefriietory  Materials"  was  eoinmtini- 
j-ated  to  the  .Vllieiieuil  Kleclroehemical  Society 
by  Ml.  W.  Hoy  .Mott,  of  tin*  National  Carbon 
Colli  pa  II  \.  Cleveland,  Ohio,  in  191"^.  and  n 
rmtli'T  i'oiiiiiiuiiir;it  ion  liy  Mr  Mott  on  thi« 
siili|<'<  t  appeared  in  the  latest  thirty-seventh 
MiliiiiH-  III  the  'I'l  nnsaet ions  ol  that  .Soeiety 
under  the  title  ".Are  liiiagi-s  in  Clieiniral 
AiuilvNiH."  Mr.  Mott  drills  a  hole  .'i-Hth  iiiehes 
III  diaiiietiT  and  <lepili  into  the  lower  positive 
an-  rnrlNtii  ordinaiv  liiuh-Kriide  enclosed  arc 
cnrlxiiis.  )iii  III  diaiiieler,  not  contiiinini;  more 
than  O  I".,  of  nsli  places  alMiiit  II  .*i  ^rainine  of 
the  siilmtaiici'  into  the  cailMin  cup.  and  startH 
the  2''>-ai>ip*'f<'  III"''  <*t  '*'"  volts  on  a  I  Kl-volL 
i|ir<*4  t-<  III  reiil     circuit.       The     material     is     then 
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volatilised  :  the  most  refractory  re.sichie  remains 
ill  tile  tu|),  the  vapotir.s  cai'.deiise  on  the  lower 
and  upper  carbons  iu  beads,  mirrors  or  rings, 
partly  ot  exceedingly  fine  particles,  the  least 
volatile  close  to  the  crater,  and  conclusions  as 
to  the  volatility  are  drawn  by  nieasuiing  tho 
distances  of  the  deposits  from  the  carbon  tip.< 
or  from  distinct  rincrs  of  iron.  etc..  first  de- 
posited, ami  from  other  featnies.  The  measure- 
ments are  made  on  pin-hole  images  of  the  arc, 
and  time,  brightness,  structure  of  the  deposits 
and  colour  phenomena  are  observed.  The  jx- 
periments  are  modified  in  various  ways.  A  pure 
substance  is  first  volatilised;  it  is  then  mixed 
with  various  other  substances  in  diffcrtMit  pro- 
jiortions  for  new  measurements.  Or  a  negative 
rarlioii  is  coati'd.  say,  with  copper,  by  arc 
distillation."  and  the  coated  portion  is  then 
reheated  in  the  arc.  for  two  minutes;  a  certain 
measured  portion  of  the  copper  will  be  levola- 
tilised.  Or  the  arc  is  interrupted  while  v.  la- 
tilisation  is  j^roceeding;  the  hot  carbons  w.ll 
then  continue  to  "  smoke  "'  for  measured 
periods  of  seconds  or  minutes;  this  method  is 
api)licable  only  to  substances  boiling  below 
2. ('00°  V.  In  these  ways  it  is  found  that  metals, 
not  forming  carbides,  will  distil  in  the  order 
cadmium,  zinc,  thallium,  lead-bismuth  (thi>so 
two  metals  distilling  together),  antimony,  silver, 
tin-copper,  gold;  the  iron  metals,  Ni.  Fe.  Co, 
Cr  (except  Mn).  are  also  superposed  and  cannot 
be  separated  by  these  methods.  Most  of  the 
metals  are  dejiosited  as  oxides.  In  estimating 
the  boiling  points  ^lott  assumes — from  the  ob- 
.seivatioiis  of  his  own  and  of  others- — that  tho 
tem[)erature  of  the  carbon  crater  is  3.700°  C, 
and  that  tuiitrsten  boils  at  0.000°  C.  iron  satur- 
ated with  carbon  (like  all  the  metals)  at  .'}.5()0°, 
silica  at  3.o00°.  aluminium  oxide  at  3.700°, 
chromium  caTbide  at  3.>*00°.  platinum  at 
4.0-")0°.  zirconium  oxide  at  4.300°.  thorium   cai- 


liide  at 


.*)00= 


id   tantalum    or    its  carbide   at 


r).r)00°;  in  the  case  of  tungsten  a  fusing  carbide 
seems  to  be  formed,  but  the  carbon  boils  away. 
Materials  boiling  below  2,")0(l°  C".  generally  give 
long,  steady  arcs,  more  refractory  materials 
give  unsteady  arcs,  iiartly  owing  to  variable 
cratcring.  Hydrogen  comjiounds,  such  as 
water,  ammonium  salts,  organic  comiiounds. 
volatilise  readily  and  yield  short  unsteady  arcs; 
fluorine  can  be  identified  in  the  iiresence  of 
calcium  l>y  the  green  liand  in  its  arc  spectrum  ; 
iodiiii"  is  recognised  by  its  odour  and  its  iniiple 
vapours;  boron  and  iibosphoius  colour  the  tlaiiie 
tip  green:  liorfin  also  gives  a  green  flame  cor(> 
with  a  yellow-red  shell ;  metals  increase  the 
arc  length;  in  the  uranium  arc  flame  blue, 
green  and  red  colour  zones  apjiear.  There  are 
many  other  characteristics  which  enable  Mott 
to  detect  0.02  milligianinie  of  gold  and.  tung- 
sten, and  f).l  millimamme  of  the  rare  earths 
by  this  ra|)id  arc  analysis.  Mott  has  in  fact 
worked  out  a  system  of  analysis  by  arc  images 
coverini:  a  large  domain  of  inorganic  chemistry. 
which  looks  jnoinising  for  routine  analysis  as 
well  as  for  research. — Kniiinvcrimi  .  hut.  Aus. 
(C.J.G.) 

Dktkction  ok  C'.MiHON  MoNoxiDK. — The  detec- 
tion of  this  substance  in  air  and  other  gases, 
when  [iresont  in  quite  small  proportion,  has 
been  a  i)rob!em  of  imptntance  and  of  some 
<lifficiilty.      It    is  a    very   poisonous  gas.   having  a 


special  cumulative  effect,  by  which  the  con- 
tinued inhalation  of  very  small  amounts  will 
ultimately  produce  serious  conditions.  C.  R. 
Hoover,  of  Wesleyan  I'niversity,  gives  an 
accouut^jn  the  Jour.  hut.  Eng.  Chcin.  (1921, 
XIII..  770)  of  the  tise  of  a  new  reagent,  Hoola- 
mite,  which  consi.sts  of  fuming  .sulphuric  acid 
and  iodine  i)eiitoxide,  mixed  with  an  inert  sup- 
porting niateri;>l.  This  reagent  was  the  subject 
of  a  patent  by  ^Messrs.  A.  13.  Lamb  and  C.  R. 
Hoover,  from  which  presumably  the  uncouth 
name  is  derived.  The  inert  material  used  is 
pumice.  The  reaction  is  the  conversion  of  the 
reagent  into  a  green  mass,  the  depth  of  colour 
being  mainly  i)i()i)()rtional  to  the  concentration 
of  the  carbon  monoxide  in  the  gas  tested.  Two 
portable  devices  are  described  by  which  ai)i)roxi- 
mate  quantitative  measurement  made.  It  has 
been  found  that  one  of  these  devices  is  suffi- 
ciently sensitive  to  detect  in  a  few  seconds 
carbon  monoxide  in  proportions  believed  to  be 
harmless  to  human  beings  or  the  larger  animals. 
The  u.se  of  the  instruments  is  not  difficult,  and 
it  is  hoped  that  very  .soon  further  improve- 
ments will  be  made  in  the  i)repaiati()ii  of  the 
reagent  ami  the  operation  of  the  apparatus. 
Carbon  monoxide  is.  however,  not  the  only  gas 
which  reacts,  but  all  other  gases,  so  far  te.sted, 
that  stimulate  it.  are  absorbed  by  dry  animal 
(Jiarcoal.  which  does  not  appreciably  absorb  car- 
boil  monoxide.  Some  common  gases  are  entirely 
without  action.  Hoolamite  is  a  corrosive,  de- 
liquescent material,  and  must  be  kept  in  dossed 
vessels.  Its  activity  increases  for  a  few  days 
after  pre]Kirati<)ii.  then  becomes  stationary  and 
remains  so  for  a  long  while.  It  is  usually  kept 
in  small  .sealed  glass  tubes. — .Journal  Franklin 
Insiiiutr,  Vol.  92.  No.  4,  page  49G,  October, 
1921.     (.I.A.W.) 

Fuel  An.xlysis.— The  I'lie!  lU'seaich  Board  of 
the  Imperial  Resources  Hureau  have  under  con- 
sideration the  standardising  of  methods  for  the 
sampling  and  analysis  of  coal,  and  they 
ho])e  shortly  to  publish  their  recommendations 
on    this  subject. 

.\  few  prelimiiiaiy  observations  on  the  subject 
of  fuel  analysis  are.  however,  given  in  the 
Bureau's  work  on  "Coal.  Coke  and  By- 
products." in  which  it  is  exjilained  that  proxi- 
innte  analysis  is  the  percentage  com]iosition 
ot  the  con!  in  terms  of  (ixed  carbon,  volatile 
matter,  ash  aiul  moisture,  and  ultimate  analysis 
the  i)ercentage  composition  in  terms  of  carbon, 
lixdrogen,    nitrogen,  oxygen,  sulphur  and  ash. 

I'ro.rinuifr  .1  nal i/sis. 
.Moisture — When  a  samiile  of  freshly-won 
coal  is  left  exposed  to  the  air,  it  loses  by 
evaporation  part  of  the  Abater  which  it  con- 
Cains,  but  retains  another  |)art.  The  former 
is  described  as  "air  ilrying  loss,'"  and  the 
latter  as  "hygroscopic  water."  Practically  the 
whole  of  the  "liygroscojiic  water"  can  be  tlriven 
off  by  desiccation  at  a  temperature  slightly 
above  the  boiling-point  of  water,  say.  at  10.5°  C. 
Water  Miiv(>n  off  above  this  tenijierature  is 
regarded  as  "coinbiiied  water."  and  is  con- 
.sidered  as  jiart  of  the  coal  .sub.stance.  There  is 
no  exact  line  of  demarcation  between  the  "air- 
drying  loss"  and  the  residual  moisture  in  air- 
dried  coal,  as  the  liygroscopicity  of  coal  in- 
creases with  increasing  relative  humidity  of  the 
air.    and    is  also   iiiflucMiced    bv    its   fineness. 


Dec.  hr>\. 


Sot  ices    and    Ahstiacts. — Chemistry. 


I(i9 


Volatile  Matter  and  Fixed  Carbon.* — The 
volatile  matter  and  fixed  carlxin  represent  ap- 
proximately the  relative  proportions  of  gases 
and  solid  c-ombustible  matter  that  are  obtained 
from  c-oal  by  heating  it  in  a  closed  vessel.  The 
volatile  matter  consists  chiefly  of  c-omponnds 
of  carbon,  oxygen,  hydrogen  and  water-vapour. 
Except  in  the  case  of  a  "coke  assay,"  the 
volatile  matter  does  not  include  the  water  that 
can  be  removed  from  the  coal  bv  heating  it  at 

lo-r-  C. 

The  amount  and  composition  of  the  volatile 
matter  that  may  be  obtained  from  a  given  c-oal 
vary  with  the  temperature  and  the  method  of 
heating.  The  intluenc-e  of  these  factors  is  re- 
sponsible for  the  variations  that  frequently 
obtain  in  the  analytical  determination  of  vola- 
tile matter.  Failure  to  observe  the  same 
method  of  heating  in  different  laboratories  may 
result  in  deviations  of  2'^.  or  3'^.  in  the  re- 
spective amounts  of  volatile  matter  and  fixed 
carbon  in  reports  made  on  the  same  sample 
of  c-oal.  A  difference  in  the  estimation  of  the 
relative  proportion  of  volatile  matter  and  fixed 
carbon  in  a  given  sample  of  cMial  becomes  more 
pronounce*]  in  the  British  "fuel  ratio."  which 
giv»"s  the  ratio  of  the  fixed  carbon  to  the 
volatile  matter.  This  will  be  seen  by  the  fol- 
lowing example,  where  a  differenc-e  of  3  "„  in 
the  estimation  of  the  volatile  matters  makes  a 
■  litference  of    17'*„   in   the   fuel   ratio:  — 

Per  cent.  Per  cent. 

...     77.19  71.19 

l-<..-,3  21. .5.3 

3.04  3.01 

1.24  1.24 


Fix<-d    carbon    .. 

\'i>l.itlle    tiialtfi' 
Ash     ... 
.Miii«t  iir.' 


l(X).Of)       1(M).(M) 


Fuel    ratio. 


4.i: 


3.45 


The  best  temperature  for  the  determination 
of  volatile  matter  appears  to  bo  9.^1°  to  1,000° 
C.  At  the  present,  the  method  of  determination 
u  arbitrary,  and  therefore  resiilth  are  compar- 
^Mf  otilv  »b»Mi  the  t«'ni|)eratiire  and  rate  of 
h»-  -re  the  Hamc. 

-  -    In    :iii   onlinarv   proximate  analysiN 
of  a  >al   the  Hiiliihiir,    which   Ik'joiiics 

di*trr  ;j  the  ftxecl  carUin.   the  volatile 

matter  and  the  a*h.  i»  not  determined.  Ff  the 
a«h  cnntain*!  no  lime  or  alkali  oxides  (when  a 
larK*'  proportion  of  the  sulphur  may  Im-  retained 
in   til.        '  '  ilphiir 

•»   d'  I     and 

t^  .^iii..tt.l>     Imll      of      the 

»'■  bv     till-     fixed    carlion, 

an>l    ihf    rei.  i»    with    the    volatile 

mntter       If   ' :  ^  iil.Mri..ii  of    the  hiiI- 

phur  b«»l«reen   the  tixttl  I   the   volnli'e 

matter  i%  ri(|iiire<l.  n  i\>i-  ,•<>>•, .n  <<iit  of  the  hiiI- 
phur  in  the  "fixeil  r-nrlion"  om  Im-  made  the 
d"  '  '  ■'     Mild     the     total 

'(•latitity   of   Hill 
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wilh   ihe    "mki-   ftksnv" 

ii  c«>ii«i*t«  Kimply   III   the 

non-volntile  matter  ((•«»ke), 

I-     •' •'  h 


is  included  in  (a),  and  the  moisture  is  included 
in    (h). 

Ultimate  Analysis. 

All  ultimate  analysis  is  not  subject  to  the 
aibitrary  conditions  that  characterise  a  proxi- 
mate analysis.  The  percentage  of  oxygen  is 
obtained  by  difference — that  is,  liy  subtracting 
the  sum  of  the  percentages  of  the  other  con- 
stituents from  100;  consequently  the  oxygen 
percentage  bears  all  the  errors  of  the  other 
determinations.  It  must  bo  remembered  that 
(when  it  is  not  .stated  .seiiaiately)  the  moi.sture 
contained  in  the  sample  which  is  analysed  is 
included,  in  an  ultimate  analysis,  in  the  deter- 
mination of  hydrogen   and  oxygen. 

In  c-onsidering  an  aiialysi.s — whether  proxi- 
mate or  ultimate — of  a  sample  of  coal  for  the 
puri)o.se  of  comiiarison  with  other  analyses,  it  is 
important  to  note  whether  the  analysis  is  given 
on  a  sample  (1)  "as  received" — that  is,  undried 
and  (-ontaining  extraneous  moisture;  (2)  "air- 
dried  ' — that  is,  ( ontaining  inherent  moi.sture 
only;  (3)  "moi-sture  free" — that  is,  when  the 
percentages  are  calculated  upon  the  total  (on- 
stituents  of  the  coal,  exclusive  of  all  moisture; 
(4)  "moisture  and  ash-free" — that  is,  when  the 
percentages  are  calculated  upon  the  total  con- 
stituents,  exclusive  of  moisture   and   ash. 

The  following  table  gives  the  several  state- 
ments of  analyses  of  the  same  coal  according  to 
the  method  adopted. 

Analyses  of  the  same  coal,  differently  stated: 


Received. ■ 
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■0 
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114 

81 
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I'lilnn/ir     \'iiliir. 

Tin-  calnrilic  value  or  power  of  a  fuel  is  the 
nmolllit  of  heat  evolved  by  the  roni|ili'tc  colli- 
biiHtioii  of  unit  weight  of  tlie  liicl,  and  im 
liii-asiired  by  the  1  iiiiiIht  of  lliiils  of  Hilnllt  of 
Hater,  the  teiiipeniliire  of  uhlih  It  IN  capable 
of  rniMiiig  one  degree  It  is  iiNiially  exiiirssi-d 
•ither  an  cnlorieH  or  as  Hntish  llieniinl  units 
fK.th.u).  and  the  relatioiiHhip  of  these  is  that 
«huh  exiMlii  iH-tHeeii  the  Centigrade  and 
KHhrenh^'lt  degreed  of  t<<niperiltlire  Hence,  to 
r«invert  calories   into   l<  tli.ii  ,   miiltipiv   by    I  M 

\it  Hill  Im«  oliM.rvcd  by  refircnce  to  (be  iiib|i< 
given    (ilKiVe,    the   stiiteliieni    of   tlie  caiorifir    viillle 
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ot    a    sample    of    luel    will    differ    according    as 
the    sample    lefcned    to    is    considered    (1)    "  as 
received';    (2)    "  air-diicd  "  ;     (3)     "  moistuie- 
tree  ";  (4)  "  ash  and  moisture-free." 
Evaporative  Power. 

The  calorific  value  of  a  fuel  is  sonictinies 
expressed  by  thu  number  of  i)ounds  of  boiling 
water  (10U°"  C.)  which  would  be  evaporated  or 
converted  into  steam  at  (100°  C.)  by  the  heat 
from  the  complete  combustion  of  lib.  of  the 
fuel.  This  quantity  can  be  deduced  from  the 
calorific  value  of  tlie  fuel  expressed  in  calories 
by  dividing  the  latter  l)y  587  (the  "latent  heat' 
o't  steam  expressed  in  "calories"),  or  from  the 
value  expressed  in  British  thermal  units,  by 
cxpres.sed   in    B.th.u.). 

Fuel  liatio. 

The  British  "fuel  ratio"  is  the  nunibei-  which 
expresses  the  proportion  which  the  "  fixed  car- 
bon "  bears  to  the  "volatile  matter  "  in  proxi- 
mate analyses. 

The  .\mcrican  "fuel  ratio"  is  the  number 
which  expresses  the  pioportion  which  the  total 
of  the  "  fixed  carbon,"  moisture  and  suljjhur 
bears  to  the  volatile  matter. 

Sampling. 
The  value  of  an  analysis  of  a  fuel  depends 
piimarily  on  the  representative  character  of 
the  samj)le  analysed,  and  failure  to  secure  a 
representative  .sample,  due  to  any  cause,  may 
result  in  errors  far  larger  than  any  of  the 
chemical  errors.  The  following  are  among  the 
causes  which  may  lead  to  deceptive  results*  :  — 

(1)  Failure  to  secure  a  representative  sample 
due  to  the  faulty  method  of  sampling  of  a  car 
of  coal  by  merely  taking  .several  lumps,  or 
shovelfuls,   from  the  top  of  the  car. 

(2)  Difficulty  in  .securing  a  representative 
sample  due  to  the  occurrence  and  the  irregular 
distribution  of  materials  of  different  comjiosi- 
tion,  as  the  irregular  distribution  of  pyrites. 

(3)  Alterations  or  changes  in  the  sample 
during  handling  or  before  it  is  analysed,  as 
changes  due  to  gain  or  loss  of  moisture,  or 
changes  due  to  oxidation. ^ — South  .African 
Kntiinrrrinii,  September.  1921.  page  185.  From 
"Coal,  Coke  and  Hy-Products,"  published  by 
the   liiii)erial    .Mineiai    Uesources  Bureau.   (.\.K) 


.MKT.M.T.URGY. 

DkVEI-OI'MENT       ok        a      COIU'ER        PllECIl'lT.VTINf; 

Ari'AUATra. — In  precipitating  copper  from 
leaching    solutions    in    connection    with    the    SO., 

process  and  from  acid  mine  water  the  common 
precipitating  e(iuiiiment  in  the  past  has  been 
a  long  launder  with  a  false  bottom  of  grating 
on  which  the  iron  i)reciiiitant  has  been  placed. 
This  type  is  difficult  anil  laborious  to  clean  and 
does  not  usually  i)erniit  a  high  jjrecipitating 
efficiency  of  copljcr,  and  usually  involves  a  high 
iron  consumption. 

After  much  experimentation  the  author  has 
devised  an  improved  apparatus  designed  on  the 
|)rinciple  of  using  a  cir<'ular  wooden  vat  having 
a  false  bottom  of  grating.  The  solution  to  be 
precipitated  is  entered  through  a  centre  box 
communicating  to  the  space  below  the  false 
bottom;  it  then  flows  upward  through  the 
grating  and  the  mas.ses  of  iirui  with  which 
the    vat    is    filled    above    the    grating    and    dis- 


charges into  a  peripheral  launder.  A  Dorr 
thickener  mechanism  is  place  in  the  tank,  the 
centre  shaft  passing  down  the  central  feed  box 
and  the  plow  arms  working  beneath  the  false 
bottom.  By  raising  and  lowering  these  arms 
and  by  the  arrangement  of  various  speeds  the 
mechanism  may  he  worked  jjcriodically  to  give 
a  violent  .stirring  effect  to  the  solution  in  the 
vat,  thus  dislodging  the  loosely  formed  copper 
j^recipitate  from  the  scrap  iron  and  by  lowering 
the,  arms  to  a  position  close  to  the  vat  bottom 
and  operating  at  a  slo«-  speed,  the  copper  pre- 
cipitate which  lias  dropped  through  the  grating 
may  be  mechanically  discharged  through  the 
bottom. 

This  precipitate  is  usually  collected  and  dried 
before  shipment  to  a  smelter.  Precipitation 
has  been  as  high  as  97.7%  oil  a  solution  carrying 
1.6()"o  copper. 

J'iXpeiinieiits  have  been  carried  out  with 
various  forms  of  iron  for  precij)itatiiig  the 
copper.  The  following  table  of  results  shows 
the  ratio  of  iron  consumed.  j)ercentage  of  cop- 
per in  the  precipitate,  and  the  ratio  of  coarse 
to  fine  precipitate  with  a  solution  of  a  compo- 
sition of:    Cu,   2.4%;   FeSO^,   2.8%;   Fe   (SO^)^, 

0.3%;  Al^O,,  1.6%. 

Ratio  of  Iron 

c   iisuiiitcl  Ratio  ol         I'lccipitatc 

lo  Copper  Coarvc  Cop-          %  Cu 

piicipitatfcl  piT  to  line 


I'rccipitaiit 


Pig  iron    1.35  :  1 

Wrought  iron     ...  1.6    :1 

Cast  iron  1.65  : 1 

Steel    shavings    ...  2.10:1 

Cast  .seel  1.75:1 

Tin  Cans 2.35:1 


98     : 2  94.4 

94     :6  87.2 

93.5 : 6  86.8 

86.5:13  72.7 

94.1:6  80.1 

81     :19  66.9 


♦  "  Coal."  by  E.  E.  Somermeier;  1912;  p.  57 


— JosKPH  Irving,  Jnh.,  Mining  and  Scientific 
I'less,  October  15,   1921.     (F.W.) 

An    Impuoved    Type   of    Filter   Press. — The 

author  fir.st  deals  with  different  types  of  filters 
used  in  large  mechanical  filtering  operations. 
For  material  of  a  free  filtering  .nature  contain- 
ing no  colloids  a  form  of  rotary  vacuum  filter 
witli  continuous  operation  is  recommended  in 
order  to  save  cost  of  dumi)ing.  When  high 
pressures  are  desirable  and  the  solid  is  not 
to  be  recovered  in  a  dry  form  the  rotary  pres- 
.sure  filter  is  suggested.  When  a  solid  cake  is 
desired  and  for  materials  difTicult  to  filter, 
the  jilate  and  frame  type  of  filter  press  is  re- 
conimended.  .Mthoiigh    requiring    labour    to 

discharge,  it  has  certain  advantages  such  as 
sinii)licity.  rnggediiess  and  coiii])actiiess.  The 
washing  of  the  cake  is  also  under  better  control 
and  more  jiositive.  The  author  has  given  this 
(lid  type  of  press  coiisiderabl(>  study,  and  has 
(l(\signed  certain  improvtuuents,  which  he  has 
cMihodied  into  a  lunv  filter  press  called  the 
l)ii()lex. 

He  has  found  that  the  usual  plate  surfaces 
consisting  of  corrugations  or  a  series  of  trun- 
cated ])yramid  i)rojectioiis  cast  on  the  ])late  do 
not  offer  the  best  means  of  outlet  for  the 
filtrate,  as  the  cloth  is  jiressed  on  to  the  pyra- 
mids and  into  the  depressions,  thus  seriously 
retarding  the  flow  and  the  filtering  area,  es- 
pecially where  high  pressures  are  employed. 
He  supports  the  <loth  on  a  double  crim])ed  wire 
screen  instead,  overcnming  those  objectionable 
features.  Tlie  centrifugal  ])unii)  is  preferred 
for  press  filtering  as  its  volume  adjusts  itself 
to    the    increasing    pressure,    and    cannot    go    to 
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esi-essirc  pressures  if  properly  installed.  It  is 
also  free  from  pulsations.  Other  improvements 
in  design  include  lartje  inlet  ports  in  each  of 
the  upper  corners  of  the  frame,  allowing  rapid 
filling  and  quick  venting  of  displaced  air  in 
starting.  Two  separate  outlet  channels  for 
the  filtrate  are  provided  at  the  bottom  of  the 
plates.  By  means  of  an  ingeniously  arranged 
sight  glass  and  stop-cock  the  filtrate  passes  from 
the  plate  through  the  glass  and  back  into  the 
channel  of  the  plate.  Each  side  of  a  plate  may 
therefore  be  observed,  and  if  a  leak  develops, 
shut  off  without  interfering  with  the  rest  of 
the  press  or  the  other  side  of  the  plate. — 
Ch.*rles  D.  Burchex-U..  Cheinicul  uiul  iletul- 
hir-iirnl  Eu'iineerimi.  page  476.  September  7. 
1921.     (F.W.) 

DlFFFHE.NTI.\n     FLOT.4TION    OF     LE.*n-Zl.N"C     OrKS. 

— On  the  basis  of  e.xperimental  work  done  by 
the  I'nited  States  Bureau  of  Mines,  in  co- 
operation with  the  I'niversity  of  Idaho,  the 
Bureau  of  Mines  and  Geologj*  of  the  latter 
State,  and  certain  mining  companies  of  the 
Coeur  d'Alene  region,  differential  flotation 
separations  of  lead  and  zinc  sulphides  in  lead 
zinc  ores  have  been  proved  to  justify  the  fol- 
lowing conclusions:  — 

(a)  Complete  separation  of  the  lead  and  zinc 
sulphides  by  differential  flotation  is  not  possible 
owing  to  the  intimate  as-sociation  of  the  miner- 
als. 

(//)  Fine  grinding  is  essential  in  order  to 
liberate  most  of  the  sulphide  tninorals  and  to 
permit  separation. 

(r)  A  better  recovery  is.  however,  possible 
with  an  ore  that  has  be<'n  crushed  dry. 

('/)  A  pulp  density  of  l)etween  two  and  one- 
half  and  three  and  one-half  parts  to  one  part 
Rolids   <«eem»  to   give   the   best    result.s. 

(e)  Kach  ore  seems  to  require  a  somewhat 
different  flotatire  mixture,  and  the  effect  of  a 
(-ertain  oil  or  chemical  on  one  ore  may  be  dif- 
fer«»nt    '>n    wirrte    ritJuT    similar    ore. 

I  of  the  sulphide  min- 
er.: :ferential  flotation  than 
ha%  been  obiaine<i  bv  existing  methixls. 

(i/)  A  bett4T  differential  selection  of  the  lead 
from  the  zinr  onliibide  is  effected  with  an 
alkaline  or  neutral  pulp  than  with  nn  ncid 
pulp. 

'  '       -     "  ide.    MMliutn    siii- 
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h<-  '1  hy  the  g«ntc<ie  constitiitents  prenenl 
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Of  general  results  obtained  by  differential 
flotation,  separations  of  lead  and  zinc  sulphides 
in  lead-zinc  ores,  the  following  have  been  veri- 
fied bv  assays,  giving  lead  products  of  from 
oO°o  to  60°o  Ph.  and  5%  to  8%  Zn  ;  and  zinc 
products  containing  40%  Zn.  and  4%  to  6% 
Pb. 

About  70*^0  to  80%  of  the  zinc  products  are 
recovered.  These  do  not  include  cleaning 
tests. — {Comiinin.  Insf.  A.M.M..  No.  174,  1921, 
p.  27;  7»i(/.  Alls,  and  Min.  Stand.,  September 
28,  1921,  p.  -591.     (C..T.G.) 


MIXING. 


PfMP      Coi.rMX      Cl.K.\MNG      AT      THK      ROBINSON 

Goi.n  MiNF.. — The  following  exjierieiue  in  pump 
column  cleaning  at  the  Robinson  Ciold  Minin<K 
Co..  by  Mr.  Blyth,  was  given  at  a  recent 
meeting  of  the  South  African  Institution  of 
Engineers,  with  a  view  of  helping  those  who 
should  experience  similar  difficulties. 

With  regard  to  the  iiuniping  plant,  it  .should 
be  stated  that  the  columns  run  through  an 
incline  shaft,  tiie  average  angle  ot  wliich  is  .S4'' 
degrees.  It  consists  of  lOin.  piping,  wood  iiiu>d 
to  a  diameter  of  9in.  from  collar  of  shaft  to 
fourteenth  level,  which  is  situated  at  a  vertical 
depth  of  1,040  feet  (1.739  feet  incline).  From 
the  fourteenth  to  the  seventeenth  levels,  the 
depth  of  whu-h  is  352  vertical  (720  feet  incline). 
7in.  piping  is  used,  wood  lined  to  a  ilianieter  of 
6in. 

Tenth  Level. — One  single-actim:  tri|>lex 
plunger  pump  ;  maker  unknown  ;  with  capacity 
of   about   7,(KK)   gallons   per   hour. 

Fourteenth   lievel. — One  (iould's  single-actintr 
I      triplex   phiimcr  pump,   with  a  capacity  of  8,000 

gallons    per   hotir. 
1  Seventeenth      Level. — One   (Jould's   hoiizontal 

triplex  plunger  pump,  double-acting,  with  a 
capacity  of  10,00()  gallons  per  hour. 

The  alMive  ]iuinps  are  motor  driven,  tlie  tenth 
and  fourteentli  levels  InMiig  on  a  oIKJ-voIt  cir- 
cuit, and  the  seventeenth  level  on  the  2,(K)0- 
volt  circuit. 

About  January,  1920.  the  abov<>  pump  column 
was  in  a  very  bad  state,  being  lieavily  furred. 
The  aperture  at   places  was  as  small  as  .'IJin. 

These  conditions  wi*re,  of  course,   the  cause  of 

ex«-essive    |)res>iure,    and   <-oiisi'queiitiy    weai"    and 

t««nr  on   the    puni|is.    particularly    at    the   m-voii- 

'      teenth    level,    where    the    pressure    was    as    high 

I      tin    1.2*K»lb.     to    the    s(|UHre    inch    at     a     vertical 

flei.th    of    1.392   feet. 

('[1     to     this     time      tlie      priii'tiee     jiiiil      been      to 

'•lean  the  column  bv  wav  of  lakiiii;  out  two 
leiigtliH  of  fiipiiii;  at  u  tiiiie  and  ie|i|a<iiig  bv 
j  Hpnre  lengtllH.  Tin-  flined  leiiictliH  were  removed 
to  tlie  hiirfHc<*.  and  then  cleaned  an  well  mm 
poKsible  by  vnrioim  ilesigns  of  H<-raperN.  This 
iiietli<Ml  |iroved  verv  teilioiiH  and.  when  mc  tliiiii« 
of  |ire*i4-iil  piiiiiping  costs,  verv  costly.  Tin- 
tiM'thod   in  fart   proved   pnicticallv   iiii-irective.  ti'. 

the   colmnii    etillld    not    be   cleiineij    i|iili'Klv    eliolli'll 

•  o   hIiow    any    appreciable    ijitleieni f    ot    pieHHiiie 

it      IMIIIIpH, 

\h    Mil    i-liperillieiil     a     new     liiellioil     wan    (lied. 
liMllielv,    till-    lliMTlllig    of    |\to    bia>>>    IiiiIIk    of    .'iin 
and  <1iii.  diaiiiet<-rN  in  tin*  pump  coliiiiin  iil  Nhiifl. 
iHillnrs    whilst    |(iiiii|in   were    nt    work        The    bidU 
were  ntlnchr  '         '  nclt  other,   ns  per  sketch,   the 


112 


Juurnul  of  The  Chemhul,  MrfaUurgirol  and  Mining  Society  of  South  Afiicn.     Dec,  1921. 


Pump  Column. 


3rc  r/o/^ 


siiialU"!  hall  ciiti'iiiiy;  tlie  coluimi  first,  and  a 
wire  was  attnchocl  to  tlio  rod  l)fliind  the  lartxer 
hall,  witli  the  idea  of  witluliawiu}:;  the  halls 
'jiiickly  in  ease  of  enieifz;ency.  Tlie  action  of 
the  halls  was.  to  say  tlie  least,  suii)risin{i;,  but 
after  travelling;  a  short  dstancc  the  wire 
broke. 

On  finding:  that  the  pressure  at  the  seven- 
teenth level  had  not  increased,  hut  had  sli<ihtly 
decreased,  it  was  decided  to  let  the  halls  take 
their  course.  A  carctui  watcli  was  kept  on  the 
[innipintr  plant  thoujihout  this  experiment.  In 
tucntv  days,  or,  say.  420  pump  liours.  tlie  halls 
travelled  a  distance  of  1.789  feet.  They  were 
removed  at  the  fourteenth  level,  and  a  smaller 
set  of  balls — 3Jin.  and  2Jin.  di;>ni(>ter — inserted 
to  suit  the  smaller  columns.  These  took  eiiiiit 
days  to  travel  to  th(>  seventeenth  level,  when 
they  were  renu)v<'(l.  It  was  found,  on  examina- 
tion, that  the  column  was  thornuij:hly  cleaned 
tlii<>u</hout .  the  wood  lininii  not  hcinii  (hunatretl. 
the  pr(>ssure  at  pump  on  seventeenth  level  witli 
all  numps  working;  was  actually  under  Got)!l>. 
to   the  sfpiare  inch. 

As  regards  the  action  of  the  halls  while  at 
work  in  the  column.  r)ne  was  reminded  of  a 
loose  non-return  valve  heinji  lifted  rejrnhuly  off 
its  seat  at  very  short  intervals,  tin-  difference 
of  course  beiufi  that  the  hails  fornu'd  two  loiitrh 
seats,  had  no  i;uide.  and  were  conseeiuently  keot 
movini:  within  the  whole  a>ea  of  column.  The 
position  of  the  balls  could  \w  easily  ascertained 
at  any  time  (providinjr  that  there  was  not  too 
much  noise  in  the  sinift)  ^y  their  constant 
knocking  in  column  while   pumps  were  workmi. 

It  is  interestini;  to  note  that  the  li>'ht  sedi- 
ment was  washed  jiast  t^'e  balls  and  denosited 
at  column  outlet  on  surface,  while  the  lieavier 
sediment  was  washed  out  in  the  blowing;  down 
of   the  column. 

The  precaution  to  be  taken  is.  if  punips  are 
^oin;J    to    be    stopped    for    any    length    of    time. 


column   ought    to    be   blown    down,    as   sediment 
might  .settle   and   choke   column. 

It  need  hardly  be  inention(>d  what  an  im- 
portant factor  on  pumping  costs  the  above 
changed  conditions  have  brought  about,  and 
not  only  has  this  change  reduced  pumping 
costs,  but  it  has  allowed  also  for  a  reduction  of 
the  number  of  men  employed  on  such  work. 
The  saving  in  worry  and  supervision  is  one 
which  must  appeal  to  all. — Blvth.  South 
Afriran  V.naince  rinij .  from  Tnnis.  S.A.  Inst. 
of  Kngineers.  September.  1921.  i)agc  175. 
(A.K.) 

^IiNEUs'  CoNsr.Mi-TioN.— Technical  Paper  260 
of  the  U.S.  Bureau  of  Klines  is  devoted  to  the 
preliminarv  re])()rt  of  an  investigation  made 
by  Dr.  A.  J.  Lanza,  of  the  T\S.  Public  Health 
Service,  and  Daniel  Harrington,  of  the  Federal 
Bureau  of  .Mines,  regai-ding  ^Miners'  C'onsuJup- 
tion  in  the  Mines  of  Butte.  Montana.  The 
following    recommendations    are    matle  :  — 

(1)  Dry  drilling  shoidd  be  absolutely  elimin- 
ated. Spraying  devices  shoidd  not  be  used 
with  dry  drills,  as  they  are  very  likely  to  be 
inefficient,  due  largely  to  the  fact  that  the  co- 
operation of  the  miner  is  recpiired  to  obtain 
maximum  efficiency,  and  only  too  frequently 
this  co-oi)eration  cannot  be  relied  upon.  Te.sts 
of  sjiraying  devic(>s  i)rove  that  when  used  with 
i.utlgment  such  tlevices  may  afford  considerable 
orotection  to  the  driller  and  his  as.sociates,  but 
investigation  of  the  actual  u.se  of  sprays  has 
shown  that  the  m'lner  only  too  often  handles 
a  spraying  device  .so  as  to  actually  increase 
the  danger  to  himself  as  coiiipared  with  dry 
(Irilling. 

Klimination  of  dry  diilliiig  is  lai'gely  a  (pies- 
tion  of  drilling  fcMvei-  u|)i>er  (practically  ver- 
tical) holes;  wet  diills  (Ticyners  antl  wet  stopers") 
can  readily  be  emi)loyed  in  the  drilling  of  all 
holes  except  tho.se  pointed  vertic-ally  upward  or 
not  more  than  80°  from  the  vertical.  It  would 
seem  feasible  to  use  the  wet  drills  in  all  kinds 
of  olaces  in  Butte  mines,  except  possibly  i-aises, 
:>iid  even  raises  hav(>  been  di'iven  in  Butte  with 
T>eyners  when  tlH>  I'ock  was  too  hard  for  the 
stopers.  Where  raises  are  of  such  small  area 
that  the  handlintr  of  TiCyners  won'il  be  cum- 
hi^r.some  water  stopers  can  be  used.  ^Iin(>i's 
ohiect  to  the  latter  becau.se  of  water  from  the 
drill  holes  wetting  tlieir  clothes,  yet  mineis 
do  not  object  to  using  Leviu>rs  in  drifts  and 
crosscuts,  altlnmgh  few  .shifts  pass  without  the 
m-ichine  men  havinir  th(>ir  clothes,  and  esneci- 
allv  their  shoes.  saturat(>d  with  water.  More- 
over. U)en  winking  in  most  rai.ses  in  Butte 
have  their  clothiP':  satnrateil  with  perspiration. 
IJy  the  u.se  of  iudirment  in  handling  TiCyners  or 
water  stopers  the  drillin<rs  fiom  U|)per  holes 
<'an  be  made  a  comparntivelv  thick  mud  that 
has  little  t(>nden<'v  to  fall  on  the  driller,  so  that 
the  use  of  wet  drills  for  upper  holes  becomes 
larL'ely  a  (|Uesti<ui  of  edncatiu'r  miners  in  proiier 
regulation  of  water  feed  and  of  enforcing  the 
US"   of   wet   drills 

(2)  All  workinii  places  undeiL'roinid .  inclndino: 
di'ifts.  cross-cuts,  stopes  and  raises  shoidd  be 
pi|)ed  with  water,  preferably  t>ure  citv  water 
under  nressure;  the  successful  use  of  water 
('tills  deoends  absolutelv  on  all  places  beini' 
niped  with  water,  as  miners  cannot  be  expected 
to  cai'rv  water  into  raises  or  stones  for  drill""' 
This  water  could  be  u.sed  for  drills  in  all   kinds 
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of  places,  for  wetting  down  muck  piles,  shovel- 
ling, and  also  to  aid  in  lowering  the  high  tem- 
perature of  the  mine.  Possibly  wetting  of  muck 
piles  might  have  to  be  discontinued  during  cold 
weather  to  prevent  excessive  freezing  of  ore  in 
surfac-e-ore   bins  and  in   railroad  cars. 

Water  should  also  be  used  to  spray  the  mouths 
and  possibly  the  entire  length  of  ore  chutes ; 
skip  chutes  should  be  sprayed  as  well,  especi- 
all}'  where  tne  skip  chutes  are  at  downcast 
shafts ;  where  dry  ore  is  handled  in  downcast 
shafts  a  complete  system  of  water  sprays  should 
be  used  in  air  courses  leading  from  the  shati 
In  addition,  water  should  be  used  freely  in 
sprinkling  the  floors,  sides,  and  top  or  back 
of  haulage  ways,  shaft  stations,  and  manways 
at  all  times  of  the  year. 

(3)  All  tiring  of  shots  while  the  shift  is  at 
work  should  be  eliminated;  if  such  elimination 
is  impossible  and  shots  are  fired,  no  men,  except 
possibly  "fire  bugs,"  who.se  work  is  of  an  emer- 
gency- nature,  should  go  into  the  place  for  at 
least  three  hours,  unless  the  place  has  Ix'en 
well  sprinkled  immediately  after  the  shot-firing 
or  before  any  work  is  done  there.  This  is  im- 
portant, as  the  shoc-k  to  the  air  from  the  firing 
of  shots  throws  clouds  of  excessively  dangerous 
fine  dust  into  the  air;  this  dust  settles  very 
slowly,  especially  where  air  movement  is  slug- 
gi.sh ;  moreover,  some  of  the  gases  from  explo- 
sives are  poisonous. 

(4)  In  order  to  decrea.se  the  temperature  and 
humidity  of  the  air  at  working  faces  and  to 
remove  <lust  and  [toi.sonous  fumes,  especial  effort 
should  be  made  to  increa.se  the  circulation  of 
air  at  the  places  where  the  men  are  working 
and  not  to  allow  it  to  be  di.ssipated  in  aban- 
doned workini;  or  to  traverse  only  drifts  and 
croascut-i  that  are  largely  iinfrt-quented  by 
workmen.  To  »'nsure  su<h  circulation  the  un- 
derground »•'  '  lid  Ik.'  concentrated  as  much 
aa  pouible,  t  -iiiating  the  large  number 
of  lereU  t-  1.  all  (ilaces  that  have 
beeo  abaii'i' I.' •!.  .  ug  drifts,  manways  and 
•topes  khould  be  sealed  otf  by  concrete  stoppings 
by  doors,  or  otherwise,  downca.st  air  should  be 
divided  into  a  definite  numb«-r  of  splits  and  an 
effort  made  to  k<-ep  the  t4>tal  quantity  of  air 
in  ear-h  fcplit  <-<>ii('('iitrat<-d  .so  as  to  ninintuin 
a-  '  V  aJi  iM>viible  ;  splits  for  drifts 
ai.  th<-  M'ltfo  miiK-  shoii'd  <ariy 
\'2.*M»>  to  2*'  ni  air  p<-r  initiutc 
At  ii.t.rv.iti  ,  .  raiseit  or  manways 
c<>  to  working  places  and 
(■[•.■•■•I  -..  .  ^tiih  tiH  chiitvt  and  plat- 
forms, MO  a«  to  iM  t  to  patiH  with  minimum 
fri'-tion.  ..  '  ■'  '.':'.•,:■•,  ,r 
to  nlliiw  :  |i« 
•h  1  l4*  !•  ,  *,hall«.,  nor 
*)•  ft'-  '  .<d  t<»  prac- 
tically M-  do  in  many 
plac-*^.  .M  -loMotl  to  dis- 
rharge    into                               t«    t^j    vitiate    frokh 

in*  ^-    -•'        '■ ■.■.■,..■•    ■  •  •    ' '•   taken    from 
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be  used  that  can  be  relied  on  to  close  auto- 
matically and  allow  minimum  leakage  of  air. 
The  free  use  of  small  elettrically  driven  fans 
with  canvas  pipe  is  commended,  provided  suit- 
able safeguaids  are  taken  to  make  installation 
fireproof;  such  fans  and  canvas  pipe  could  force 
air  through  higu  raises  or  long  drifts  or  cross- 
cuts to  the  working  face,  doors  and  brattice 
being  used  to  deflect  air-currents  to  places 
where  men  work  in  stopes,  drifts,  etc.,  that 
are   comparatively   close  to   the   air-courses. 

If  the  mine  is  piped  with  city  water,  as 
heretofore  recommended,  water  sprays  could 
be  advantageously  introduced  into  air-currents 
in  drifts,  cross-cuts,  etc.,  and  into  canvas  or 
galvanised  iron  ventilating  pipe  in  order  to 
decrease  air  temperatures.  Comparatively 
small  quantities  of  cool  water  sprayed  into  air- 
currents  have  well-defined  cooling  elfect,  and 
this  is  particularly  true  of  air  being  transmitted 
through  ventilating  pipes;  sprays  also  aid  in 
settling  fine  dust.  The  spraying,  as  far  as 
practicable,  should  he  constant  rather  than 
interiiiitteiit. 

In  so  far  as  is  feasible,  each  mine  should  be 
ventilated  independently  of  adjoining  mines, 
and  should  have  at  least  two  .shafts,  one'  an 
upcast  and  one  a  downcast,  to  the  lowest  work- 
ings. Where  possible  ventilating  shafts  should 
be  smooth-lined  and  fire-proof  and  ofior  mini- 
mum obstruction  of  air-How.  .\11  mines  .should 
be  ventilated  iiy  a  fan  or  fans  of  large  capacity; 
main  ventilating  fans  should,  where  possible, 
be  on  the  .surface,  housed  in  fireproof  struc- 
tures, and  be  readily  reversible.  Very  im- 
portant fans  .should  have  more  than  one  .source 
of  power,  such  as  steam  and  electricity  or  al- 
ternating and  direct  current  motors,  "etc.,  so 
arranged  as  to  cause  a  miiiiniiini  ainoiint 
delay  in  going  fiom  one  source  of  jiower 
the  other  in  case  of  failure  of  one  kind 
power:  this  is  especially  important  at  time 
fire  or  either  disaster.  Fans  should  be  kept  in 
operation  twenty-four  hours  per  day,  even  when 
full  shafts  are  not  working. 

(5)  Provision  .should  be  made  so  that,  at  least 
in  winter,  it  will  not  he  iieces,sary  for  miners 
coming  off  shift  in  wet  clothing  "to  stand  in 
line  in  the  open  air  in  order  to  give  their 
time.  The  time-keeper  should  receive  the  time 
in  the  "  dry  "  or  in  some  other  hiiilding  where 
miners  waiting  turn  would  be  protected  from 
the  weather.  It  also  seems  feasible  to  have  a 
firepriHif  runway,  covered  iind  possibly  hi>alecl, 
extending  apjiroxiniately  from  the  shaft  collin 
to  the  wash-house  or  '"'  dry."  so  that 
ground  men  emerging  from  the  mine  in 
neiMl  not  lie  exnom-d  to  the  weather.-  A.  .1 
Lanza  and  I).  H AiiiuvciToN.  'I'lir  Srimcr  untl 
Alt  of  Mmiuii,  page  !•!,  October  \b.  15)21 
(J.C.) 
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Thv.    Km  htm    o»    .ScitviiMiH    in    .NfATnim.    - 
ProfcKHor   K.  (;.  Coker.    M  .\       D.Si-  ,   int  rodiicc>d 

ihlH    Hllbjec  t     lit     the     Kllgllicei  inn     ( 'olitel  eiice     in 

I<oiidoii  lie  HMid  that  till'  importiiiiic  o| 
having  11  kiiKMtth  Hiirface  in  nietalit  expoKcd  to 
a  \\nf\\  hIii-kh  hnd  Imh-ii  reeogniNecl  by  iiiaiiv 
eiigineeiH,  who  iinpurl  a  high  degree  id  fiiiihli 
to  their  work,  eHpeeially  in  iiim>n  wln-re  an 
iiiteiiM'  ulreim  viifieti  cyclically ,  iih  in  the  moving 
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parts  of  high-speed  marhinery.  The  increased 
strength  anil  extension  line  to  a  iiigli  degree 
of  [lolish  in  a  tension  test-piece  liad  also  been 
frequently  noted,  and  the  elimination  of 
scratches  appeared  to  be  of  importance  in  many 
other  cases. 

He  continued:  "The  effect  of  a  surface 
scratch  in  a  stressed  mateiial  is  therefore  a 
problem  of  great  interest  and  in  general  of 
considerable  perplexity.  It  is  probable  that 
little  is  lo;,t  by  making  as  simple  assumptions 
as  possible  in  examining  this  j)roblem,  and  in 
the  great  majority  of  practical  ca^es  it  seems 
likely  that  the  scratches  iiroduceil  by  oi-dinary 
inai'hining  operations  nmy  be  considered  as 
ininute  notihes  in  the  surface,  probably  with 
plane  or  curved  sides  inclined  at  a  consider- 
able angle  and  rouniled  oft  at  the  bottom  of 
the  notch  by  curves  with  radii  much  greater 
than  the  average  size  of  the  unit  of  crystalline 
structure  of  the  metal.  For  ease  of  exi)eii- 
niental  investigation  the  effect  of  a  scratch  or 
group  of  scratches  may  be  stuilied  with  advan- 
tage in  a  tianspai(>nt  hoily.  if,  for  example, 
a  scratch  is  made  in  the  edge  of  such  a  nlaie 
under  tension  or  bending  stress,  the  stress 
concentration  produced  caii  be  observed,  and 
if  the  mean  tension  is,  say,  one-third  or  oven 
less  than  that  of  the  yield  point  of  the  ma- 
terial, it  is  usual  to  obsei've  signs  of  o\''r 
stre.ss  at  the  scratch ;  while,  if  the  load  is 
alternating,  these  indications  gradually  pene- 
trate farther  and  farther  into  the  material, 
apparently  along  planes  inclined  at  4n°  to  tlu' 
line  of  ])ull  in  ductile  bodies — that  is,  along  the 
planes  of  maximum  .shear  stress. 

"  In  a  group  of  .scratches  suffiiiently  close  to 
affect  one  another,  the  combined  lesult  is, 
naturally,  still  more  noticeable,  and  the  failure 
of  a  material  under  a  comparatively  moderate 
mean  stress,  ihie  to  surface  scratches,  is  not 
difhcult  to  nnder.stand,  especially  if  the  loading 
is  of  an  alternating  kiiul. 

"  The  form  of  the  scratch  produced  is  all 
important,  and  a  coinparatve  estimate  of 
various  types  can  be  easily  obtained  without 
the  complications  of  microscopic  examination 
by  examining  notches  on  the  large  scale  under 
conditions  in  which  the  influence  of  bouudaiies 
other  than  those  of  the  notches  themselves, 
are  practically  unimportant.  If  this  is  done 
it  can  be  shown,  for  example,  that  a  .scratch 
producing  a  semi-circular  groove  in  the  ma- 
terial maj'  raise  the  .stress  to  about  double  the 
average  stress,  while  a  groove  with  straight 
siiles  at  45°  and  a  radius  at  the  apex  of  one- 
eighth  of  the  depth  gives  an  increase  of  rather 
less  than  five  times  the  mean  stress,  according 
to  the  recent  measniements  of  one  of  the 
author's  research  students.  Dr.  Paul  Hcy- 
mans. 

■'Increased  sharpness  of  curvatuie  at  the 
bottom  of  the  notch  produces  still  greater  loial 
stress,  and  this  latter  may  easily  ciiiise  a  fine 
crack  to  develop  and  produce  failure  owing  to 
its  rapid  extension  into  the  material  lauscd 
by  the  abnormal  concenti  atiin  of  sties.s  at  the 
extremities  far  transcending  th  •  abilitv  of  the 
material  to  bear,  even  if  it  nj  i.ro.'-hed  the 
tenacity  which  it  seems  possible  it  might  have 
from  calculations  of  intrinsic  pre^r.i'.ie.  ai.d.  in 
the  absence  of  craiks.  flaws  and  cavities." — 
K.  Ci.  C'OKF.R,  I ndusi rial  Aiistrali  m  and  Mininrj 
Sfandaid.   October  6.    1921.   page  639.     (C.J.G.) 


How     EXGIXKERS    AKF.     FERRETING     OFT    JOBS     IX 

New  YoiiK. — The  Kmployment  Bureau  of  the 
Federated  American  Engineeriig  Societies,  con- 
ducted, under  the  ilirect  supervision  of  the 
secretaries  of  the  four  Founder  Societies,  has 
wanteil  to  extenil  its  activities  and  usefulness, 
but  it  is  operating  right  up  to  the  limit  of 
its  budget;  consequently,  anything  which 
requires  the  exi)eiiditure  of  more  funds  cannot 
be  unilertaken  for  the  present.  A  great  deal 
of  time  has  been  spent  in  recording,  classify- 
ing, and  interviewing  the  men  listeil.  but  owing 
to  the  business  depression,  only  a  comparatively 
small  number  of  men  have  been  placed  during 
the  last  few  months.  There  are  men  in  New 
York  from  all  over  the  country.  "What  the 
Bureau   needs  is  more  positions  available. 

With  this  in  view,  a  number  of  high-grade 
engineers,  themselves  in  need  of  employment, 
\i)iuiiteered  their  .services  for  a  imblicity  caiii- 
l)aiL'n  in  the  City  of  New  York.  A  definite 
mode  of  i^roi'dlnre  was  evolved,  and  the  success 
of  the  movement  has  been  considerable.  Fol- 
lowing is  a  chronological  arrangement  of  the 
methods  used  :  — 

(1)  A  committee  limited  in  membership  to 
twelve  men  was  selected  from  the  best  avail- 
able men  among  the  unemployed,  to  be  repre- 
sentative of  the  high  staiidarils  of  the  societies. 
This  committee  is  .self-supporting  and  self- 
I)erpetuating. 

(2)  The  committee  made  a  (■()mi)lete  alpha- 
betical card  iiiilex  of  all  consulting  engineers 
and  all  finiis  in  the  ("ity  of  New  York  in 
which  there  were  one  or  more  members  of  the 
societies.  Then  a  record  list  was  made, 
classified  according  to  the  geographical  location 
of  the  offices  in  order  to  facilitate  the  calls. 
For  the  imrpose  of  uniformity,  a  definite  policy 
in  i-egnrd  to  the  w(U'k  was  drawn   up. 

(M)  Tlie  mcnibers  of  the  committee  were 
assigneil  districts  to  work  in,  and  a  persona! 
call  was  made  on  each  firm  and  individual  in 
the  district  with  the  purpose  of  advertising 
the  Bureau.  Calling  cards  and  report  blanks 
were  furnished  the.se  men.  The  I'eports  are 
made  in  duplicate  and  one  is  ])laceil  with  the 
proiKM-  card   on   each    of   the   two   indexes. 

Tlie  result  to  Sei)teml)er  12th  are  compiled 
in    the    following    table:  — 

Calls  niade     2.2(53 

IntiMviews     ]  .:V.]'i 

Bureau  unknown  to     ...         576 
Prospective   positions   ...  65 

Actual     positons     56 

The  disparity  between  the  number  of  calls 
and  the  number  of  interviews  is  to  be  explained 
by:  — 

('/)  Members  or  firms  moving  awav  from  New- 
York   City. 

(li)    M(>ml)ers    or    firms    going    out    of    business. 

(c)  Member  out  of  town  and  no  one  in  re- 
sponsdile  charge  of  ofTice. 

.Mthoiigh  the  committee  has  practically  com- 
pleted the  making  of  the  calls  for  which  it  was 
originally  organised,  it  is  not  ready  to  present 
its  final  re]>ort  until  a  further  study  and  aii- 
j^lysis  is  made  of  the  results  obtained  thus 
far.  The  committee  als(<  contein])lates  carrying 
on    certain    further    work    as    follows:  — 

(1)  Hemaining   calls   iu    Brooklvn. 

(2)  Calls    on    bankers. 

(3)  Beturii    calls    on    prospective    employers. 

(4)  Extension     of     publicity     work     to     iion- 
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engineering  business. 

(•5)  Formation  of  sub-c-ommittees  to  call  upon 
employers   in   the   suburbs. 

It  should  be  noted  that  a  number  of  vacan- 
cies have  been  found,  and  inasmuch  as  the 
prospective  jobs  refer  to  actual  needs  within 
.six  weeks.  th€*se  should  be  classified  as  jobs 
available  for  statistical  purposes.  Since  the 
men  who  knew  of  the  Bureau  used  it.  all  the 
lobs.  actual  and  prospective,  came  from  mem- 
bers who  were  not  aware  of  this  service. 
Therefore  36  per  c-ent.  of  the  establishment 
called  upon,  which  had  never  heard  of  the 
Employment  Service,  furnished  these  vacancies. 
There  is  evidently  a  great  need,  even  in  this 
period  of  depression,  of  bringing  the  man  and 
the  job   together. 

In  view  of  the  surprisingly  good  results  thus 
far  obtained,  it  is  hoped  to  supplement  the 
personal  cnlls  by  sending  out  a  circular  letter 
to  all  einpioyer  members  of  the  societies,  while 
these  calls  are  being  made. 

Enquiries  are  received  from  many  employers 
from  various  parts  of  the  country,  and  those 
enquirie*  are  in  most  instances  promptly  filled 
by  the  Bureau.  The  voIunt»'cr  committee  in 
New  York  is  finding  opportunities  for  men 
outside  of  New  York. — Minimi  anil  ilptaUuron. 
(V-tober.    121.    page    12.      (C.J.G.) 

PrTROLKrM. — Petroleum  or  gas  is  now  being 
found  in  three  out  of  four  wells  drilled  in  all 
proved  fields  of  the  I'.S.A.  In  some  fields  the 
pr,  -  T,  of  dry  wells  is  but  one  out  of  ten. 
(it  studving    territory,    are    correct    in 

their  iKii  ■  f^nclus'ons  as  to  the  presence 

of     oil     !■  of     their     repcirt-^. — F.    ^YAN- 

Ti'  "rial      Lffl'iT,      Philadelphia. 

S.  ;  .  .'I.      (F.W.) 


Hr.TOKT  FOR  Ahh.winc;  On.  Shalks  »•-»»  On. 
Yi»;i.P.- -Th»-  retort.  which  was  developed 
through  exrx'rimentation  in  the  I'nited  State<- 
Bureaii  of  .Mine's  labriratorifx.  s  recommended 
ns  a  simple  drvit-**  hv  .Mr.  L.  ('.  Karick  in  the 
I  .tioii    No.   2.22H  for 

'<•   rnpid 


,i. 


rit  • 


ivsavs  ar«' 
igreeiiH' 
I-,  gn-at 

It    JM    air- 


rare    mii«t    he    exer«iM-<J    to   w'e    that 

tiicht        It    in    ini|>ortant    to    u«e    a    nhei't-nietal 

•■rk"!  aroiin«i  thi-  ret»rt  whi'e  h<-atinK.   leaviir.' 

*       "  inch    <learan<-<*    at    the 

the    cinmp    M-reu    on 
the    incket    for    ring 

\      ».«»VI'r     "f     nslM'Kt.'H 

hetit  <l  iinitt 

I    Mill    <  •'    on 

lid   and   drip  down   on    I'l 

'     I  htm  faiiniiiK   Ioom-i*   hy 


r 

•  '    <  lit    III 

•  ■rv   tf|ho 


the   inn^r  n  d**  of    the 


'  r.le 


in    »»■ 
di«' 


fa. 


I  ~ 
will 


'    of  ni)   inch 

to    fill    the 

Inri*!    iiill     iM'rriiittiiii/    the    t-Ustrtf   to 

if.    ih«    fft'irt.       After     th<-     lid     u 

III   filncv  and  tevltnl   fur  leak 

K-iort    III   the   riiiv  MiipfHirt    <.'t) 

(II)    and    (orer    <\2).    %Uiri    the 

'••d   cvliiidri 

III       pIlM  !• 


•llirtll      t\, 

«  ilhiii 


I 


On.   Sn.\i,E  Assay   Rktort. 

1.  Dangler  lamp. 

2.  CM.   mercury  retort  (1  pt.). 
:i.   Ring  stand. 

4.  Thermometer   well. 

5.  4()()°   Cent,    thermometer. 

6.  Standard   W.I.   street  ell. 

7.  J-iii.  standard  W.I.  pipe. 

8.  Standard   W.I.   tee. 

9.  100  c.c.   graduate. 

10.  l-16th   in.    I.D.    jiyicx  tubing-. 

11.  Sheet    iron   shield. 

12.  Asbestos  cover. 

IM.    i-in.   pipt-  nipple,   cut   at  4o°  angle. 

Before  distillation  makes  any  considerable  pro- 
gress the  interior  or  coolest  .shale  sliould  be  at 
least  as  hot  as  the  vapourising  temperature  of 
the  oil  evolved,  otherw  i.se  vapours  will  migrate 
to  the  central  or  coolest  part  and  coiKleiise 
there,  causing  losses  of  oil  by  (lacking  on  le- 
(fistillation  of  the  condensed  oil. 

When  2  c.c.  or  'A  c.«-.  of  oil  have  accumulated, 
the  llame  shoiiM  Ih>  inciea.sed  ;  it  is  imperative 
to  distil  rapidly  after  oil  vafiours  begin.  It 
oil  first  appears  in  about  4.")  minutes  it  will 
then  be  safe  to  double  tlu-  size  of  the  flame. 
and  thereafter  every  20  to  4(»  niiiiutes  increase 
the    bent    by    an    e'piiil    amount 

With  the  average  oil  sliale.  the  recovery  when 
the  actual  oil  producing  pel  khI  is  appi  ii.\iinatel\ 
tuo  hours,  will  be  .'>".,  gn-atei  than  when  distil- 
latioii  lasts  si.x  hours.  When  distilhitinn  is  comi- 
(ileti'd  III  less  than  two  hours,  there  is  danger 
of  inaccuracy  from  exceeding  the  conden.ser 
(apatity.  and  uiidoiibte<lly.  fmni  decnniposit  ion 
of  oil  vapours  bv  excessive  teniperal  iiies  Dis- 
tillation should  Ih'  rapid  ein>nt;h.  hnwevi  r.  to 
prevent  stagnation  of  ml  vap.iiiis  uithiii  the  hot 
retort  <a  connection,  and  shuiild  pmgress  at  ii 
iiniforiii  nite  If  ml  droplets  appear  danger. 
oimly  near  the  t4.p  ol  the  rellex  cmidensei  (Id). 
the  rate  of   healing  iiiiisf  Im-  retarded  slightly. 

If  retorting  has  proi^reHsed  (correctly,  the  rate 

of  oil   Mcciiniiilatioti    Mill   decl siiddenly   as   the 

ln«it  oil   m  ilislilled  off.   iiiid.   when   this  cessatioi- 

liecoinen   apparent,    the    flame    shmild    e    more 

\h'  iiicreaM'd  the  usual  ainoiint  .\  while  gnit 
may  ap|H<ar  at  the  end  of  the  run  Imt  this  has 
In'4-ii   found   to  Ih'   noiiiiiflaniiniilile   und   t<i  <  an  \ 

no     oil      vapour.        The     deliveiv      lid.e     slioiiM       \,t' 
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kept  fairly  wann  throufihout  the  run.  to  pre- 
vent the  oil  from  conjieiilins  therrin.  When  the 
bottom  of  the  retort  has  become  a  dull  red,  it 
be  safely  assumed  that  the  distillation  of  oil 
is  completed,  as  this  temperature  is  well  above 
the  final  oil-yielding  temperature  of  all  oil 
shales. 

The  stoppered  jiraduate  and  contents  must  he 
warmed  until  the  oil  is  in  a  very  fluid  condition. 
Allow  the  oil  to  settle  well,  as  some  water  is 
{.Mven  ofi'  mar  the  last  stages  of  distillation,  and 
will  remain  suspended  in  the  partially  con- 
gealed oil.  In  order  to  read  accurately  the 
volume  of  tlie  oil  and  water,  it  is  necessary  to 
assist  the  formation  of  a  i)erfect  meniscus  hy 
releasing  any  oil  and  water  clinging  to  the 
sicles  of  the  graduate.  This  is  hest  accomplished 
by  revolving  the  graduate,  while  still  wari.i, 
between  the  palms  of  the  hands.  Ecad  the 
upper  level  of  the  oil  and  then  the  lower  level, 
if  it  is  well  defined  and  i.s  not  rendered  oh.scure 
by  emulsion,  sediment,  or  clinging  oil  and 
water.  The  following  procedure  will  facilitate 
accurate  reading  of  the  lower  meni.scus.  and  also 
provide  against  the  possibility  that  water  sedi- 
ment may  not  have  settled  out  completely. 
Draw  off  with  a  ])ipette  all  except  a  few  cubic 
centimetres  of  the  oil  while  still  warm,  dilute 
the  remaining  oil  with  10  c.e.  to  20  c.e.  of 
clean  Lrasoiine  .and  agitate  gently  till  the  emul- 
sion di'-ai)i)ears.  Allow  the  shale  oil  and  gaso- 
line solution  to  settle,  then  draw  off  and  add 
ga.soline  as  before.  l?cpeat  as  often  as  recpiired, 
until  a  clear  meniscus  results.  From  the  num- 
ber of  cubic  centimeters  of  oil  collected,  calcu- 
late the  gallons  of  oil  per  ton  of  .shale. — li.  C. 
K.MtmcK.  in  lieport  of  I'.S.  IJureau  of  Mines; 
Tlir  ('iiliii-ni  Ciuiiduni .  i)age  72^.  Seiitemher 
i),   1021       (F.W.) 

l'ruiKviN(;  Air  hy  Ki.kcthkity.-  The  «ell- 
'•now  n  Kiench  scientists  J)'.\soriVal.  IJordas  and 
Touplain  have  examined  into  the  jio-ssibility  of 
clearing  air  of  solid  and  liouid  paiticles.  as 
well  as  the  micro-orizanisms  which  are  found  in 
suspension,  by  electric  means.  lCx)ieriments 
have  been  maile  with  a  glass  or  coiiixm'  tuhe 
•)f  20  centimetres  diameter,  antl  one  meti^e  in 
lenTth.  with  an  axial  wire  connected  with  a 
hieh  neeativo  nntenti;d  hv  a  continuous  curi"ent 
of  25.000— 30.000  volts.  This  current  at  high 
tension  is  obtained  bv  a  special  arrangement  for 
producing  currents  of  high  fienuencv.  a  piocess 
mentioned  by  D'Arsonval,  and  modified  in  ob- 
taining X-ravs.  Kxperiments  in  which  air 
polluted  with  a  mineral  dust  sterilised  nnd 
seeded  with  .\Iici()cocctis  Prodigiosus  was  made 
to  nass  ovi'r  this  arrangenuMit .  showed  ihat 
iiiider  these  conditions,  while  the  contrf)!  gavo 
l/jO  colonies  per  cubir-  nu'tre  on  the  average. 
♦  he  air  submitted  to  the  action  of  n  current  of 
.^.0(M1  volts  became  absolutelv  sterile.  These 
in  aei-eement  with  those  'f  ~\w 
•r  exi)eriments  on  the  pu^if:'.'!- 
rficles.  The  best  vields  obtained 
Ho",,  to  07",,.  The  authors  r  Iso 
that  the  action  c)f  ozone  mu.^t 
intervene  in  tlie  destruction  of  tlH>  microMie 
germs. 

Kstimatif>i)s  made  having  shown  quaiiiities 
of  ozone  to  the  extent  of  about  one  miligram 
per  ruble  metre  at  the  exit  of  the  apparal'is. 
stibsefpient  re*:earches  should  permit  of  Ji'fi- 
iiitely    fixing    the    part    ))layed    by    the   ozone    in 


results  are   not 
authors    in    the 
tioii  of  solid   p' 
did    not   ex<'ce<l 
have    to    admit 


this  electric  purification,  as  well  as  the  meeha;ii- 
cal  influence  of  the  flow  of  water  on  the  inside 
of  the  tube.  The  principal  part  of  the  appar- 
atus used  in  the  above-indic-ated  experiments 
consisted  of  a  copper  tube,  the  inside  of  whi -h 
is  kept  moist  by  a  ctnitinual  flow  of  water. -- 
Compte  Itcndue  de  I'Acad.  d.  Science,  1920, 
page  646;  Ind.  Aiis.  Min.  Stand.,  September 
8,  1921,  page  455.     (C.J.G.) 

Industri.al  l?KseiK.\TOK. — At  a  meeting  of 
the  Society  of  CluMiiical  Industry,  in  liondon. 
Dr.  L.  Levy  and  1).  AV.  West,  in  discus.sing  the 
iiulustrial  respirator,  saiil  that  it  consists  essen- 
tially of  two  iiaits:  a  face-piece  and  an  ab- 
sorption api)aiatus.  Th(>  face-j)iece  may  consist 
only  of  a  mouth-piece  and  nose-clip,  but  this 
form  causes  much  discomfort  and  att'ords  no 
protection  to  the  eyes.  'J'he  second  and  moie 
vecent  form  is  a  complete  mask  of  rubber  fabric 
with  eye-pieces  of  glass  so  arranged  that  the 
incoming  air  pas.ses  over  the  inner  surface"  of 
the  glass,  thus  preventing  dimming  by  moistui'e 
from  the  breath.  I'his  form  reiiuires  neither 
the  use  of  a  mouth-piece  nor  of  a  nose-clii),  and 
may  be  worn  for  a  much  longer  jjcriod  than 
the  former  type.  The  purifying  canister  is  of 
the  form  used  in  the  small  military  box-form 
resjiirators,  and  the  substanc-es  (^nployed  for 
absoi'iition  should  have  a  high  capacity  and  rate 
of  r(>-activitv  for  the  tiases  to  be  removed  from 
the  inspired  air.  The  absorbents  used  vary 
according  to  the  toxic  substance  to  be  dealt 
with  :  crystalized  cojiper  sulphate,  highly  acti- 
vat(>(l  charcoal,  and  a  mixtvire  of  alkali  and 
charcoal  jiowdcM'  are  used,  respectively,  for 
rmmonia,  hydrocarbon  and  other  neutral  gases, 
and  acid  gases.  A  satisfactory  means  of  re- 
moving smoke  and  solid  i)articles  is  a  mask  of 
fine  felt,  fitted  with  an  etticient  non-return  valve 
for  the  egress  of  the  expired  air.  No  absorbent 
for  carbon  monoxide  is  known  that  is  suitable 
for  use  in  a  respiratoi-,  and,  therefore,  the 
catalytic  oxidation  of  this  gas  by  oxides  is  em- 
ployed. Hut  this  method  has  certain  disad- 
vantages, for  example  the  harmful  ett'ect  of 
moisture  upon  the  catalyst  (which  may  be  over- 
come by  a  preliminary  passage  of  the  gas-^s 
through  calcium  chloride),  the  absorption  of  a 
portion  of  the  atmospln^iic  oxygen  to  oxidize 
the  carbon  monoxide,  ami  the  absence  of  any 
indication  of  failure  in  the  respirator.  The 
last-named  defect  may  be  i-emedied  bv  using  an 
ui)per  layer  of  iodine  pentoxide  and  sul))liuric 
acid  which,  when  any  carbon  monoxith-  unoxi- 
(lized  by  the  catalyst  is  ab.sorbed,  liberates  free 
iodine  vapour  that  acts  upon  the  throat  of  the 
wearer  and  thus  indicates  the  bi-eakdown  of 
the  puiifyinsz  medium  that  is  used. — Mininq 
mid  Scientific  I're.i.s.  page  33f^.  September  .'), 
1921.     (C.J.G.) 
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THE    COMBUSTION   OF    SOUTH    AFRICAN   COALS   IN   BOILER    FURNACES. 

Bv   E     P    Reim.    B.Sc. 


Orif/in. — In  considering  the  combustion  of 
coal  for  any  particular  purpose  a  knowledge 
of  its  origin  and  mode  of  formation  is  use- 
ful.  In  Transvaal  coals  one  frequently  finds 
traces  of  organic  origin  such  as  portions  of 
fossil  plant*,  and  carbonised  vegetable 
remains  (v.  Microphotograph  1),  which 
when  splintered  and  digested  with  Sodium 
Carbonate,  show  under  the  microscope  vege- 
t  1'  '•  lis  (v.  Microphotograph  2),  which  in 
t.  ►-    are    dotted    with    scars    typical    of 

Conifer  Wood. 

Regarding  the  mode  of  formation  of  coals, 
the  lirift"  Theory  supposes  that  at  a 
period  when  plant  growth  was  very  prolific 
a  great  amount  of  vegetable  matter  was 
carried  by  floods  into  lakes  or  tlie  >;ea.  and 
thi.t  accumulated  in  banks  at  the  lake  or  i^ea 
(xfttom :  at  a  later  period  strata  of  sede- 
n  ■  "  *"  '  were  formed  above  the  accu- 
I'  from  time  to  time,  the  whole 

wa.<i  nubject  to  the  upheavals  and  subsid- 
ence- of  rth's  crust,   the  pressure  and 

heat    ar        , 'ing    theoe   changes    with    the 

heat  generated  by  the  decompoiiition  of  the 
organic  matter,  transforming  this  organic 
matter  :•■''■  - -hI  ,  the  lower  layerH,  which 
wfrr-    til  to   the   greatest    heat,    being 

usually  anthraritir,  while  the  volatile  mat- 
ter wa"  ■-  -  to  the  upper  layers.  The 
Natal  m  e  in  derived  by  heating  from 

intruaive  rockn.  The  many  eiceptioriH  to  thix 
»'  that    tliix    theorv    i"    not 

I        ,         .  ^       *omif    contend     that      th'? 

differrri<>e«  in  variety  of  coal  are  more  due  to 
variations  in  the  original  organic  matter 
than  to  heating  The  "In  Situ"  Theory 
«iippoM>«  that  roal  wax  formed  an  one  can 
«c«  t  >ig  on  at  the  prenent  day 

ir    •  •  •    or   in   [»ent    l*og".    where 

\'  row*  profu<t#»ly,  and  wher«* 

growth  and  decay  are  a  continuouii  prore«« 


The  plant  remains  are  decomposed  by  bac- 
teria, and  the  resulting  organic  matter  col- 
lects on  the  clay  bottom  of  the  swamp  or 
bog  as  a  slime,  at  a  roughly  estimated  rate 
of  8ft.  in  1,000  years  under  present-day  con- 
ditions; the  final  change  of  the  slimy  organic 
matter  into  coal  is  supposed  to  take  place 
through  regional  metainorphisin,  siniilarlv  to 
coal  formed  by  the  "Drift"  method,  when 
strata  of  rock  are  formed  above  it,  and  the 
wiiole  is  subjected  to  jjressure  and  heat.  It 
is  estimated  that  an  8ft.  thickness  of  organic 
matter  is  reduced  to  an  8in.  seam  of  coal. 
If  coal  formed  by  the  "In  Situ"  method 
has  not  been  subjected  to  excessive  heat  it 
is  likely  that  the  upper  layers  would  be 
anthracitic,  fis  it  would  chieflv  consist  of  the 
partially  decomposed  surface  vegetation, 
while  the  lower  layers  derived  from  the 
slimy  ooze  would  be  higher  in  volatile  con- 
lit  ueiits  The  niajoritv  of  coals  must  have 
been  formed  by  either  or  both  of  these 
met  hods  The  Transvaal  coals  are  accepted 
to  have  been  formed  by  the  "In  Situ" 
method.  Microphotographs  ,'i  and  i  show 
the  microMtruct ure  of  a  specimen  of  petrified 
wood  from  Apex  Colliery.  In  the  former 
one  can  see  the  arrangement  of  the  tree  <"ells 
with  the  annual  rings,  and  in  tlu*  latter, 
rt'hich  is  more  highlv  magnificrl,  (uic  can  see 
what  I  judge  to  be  the  remains  of  the 
microcfx'ci  that  were  eating  nway  the  tree: 
my  r^-axoiiH  for  this  o|(inioii  bciii^'  that  thev 
are  all  Hiniihtr  in  »'hape  and  si/r,  ari<i  show 
their  typical  arrangement,  nnmelv,  they 
fM'cur  Hinglv,  then  undergoing  tin*  prf)i«'s',  of 
diviMion,  tlien  in  colonies  (v.  Micropholo 
graph  Tj)  ;  hI«o  I  have  compared  the^'O  with 
a  niicrophotogniph  after  Renault  showing 
.Mu-nnvirruH  Zeilleri,  a  baclfriiim  in  the 
fpidertiiHl  celN  of  the  bark  of  a  Hot hrodcii 
dron   from   the  Toiila  coal    M'|)per  Carboni 
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ferous)  of  Russia.  Certain  vegetabk  cells 
such  as  ])ollen  cells  can  resist  bacterial 
attack.-',  and  one  can  discover  tlieni  on 
digestinsj  si)linlered  coal.  In  the  "Drift" 
method,  if  the  accumulation  were  formed  in 
deep  water,  bacteiial  action  could  not  take 
j)lace,  as  micio-oiganisms  cannot  live  at 
depths  not    reached  by  the  sunlight. 

I  III  jiiintiex. — The  impurities  in  coal  are  of 
two    types,    namely,    those    deposited    during 
the  formation  of  the  coal  in  tlie  form  of  mud 
or   sand,    consisting    largely     of     Silica     and 
Alumina,   and   including,   chiefly   in   the  dull 
])oit!ons,    woody     ash     (v.     Miciophotograph 
9),    and    secondly,     those     deposited     subse- 
quent Iv,    usually    between     cleavage     ])lanes, 
derived    from  solutions  soaking  through   the 
coal ;    under    this    class  come    Calcium    Car- 
bonate  (v.    Miciophotograph   7)   and   Pyrites 
(v.    Miciophotograph   8).      In    Witbank   coal 
the  pyrites  usually  occurs    in    large    ])enta- 
gonal  crystals  or  in  clusters  of  smaller  crys- 
tals;   but    in    A])ex    coal,    though    one    occa- 
sionally  fiiuls  small   jjentagonal   ciystals,   the 
pyrites  is  usually  of  a  fibrous  appearance  and 
has  been    derived    from    solutions   contaiiiinir 
Ferrous  Sulphate  soaking   tlnougli  partially 
decomposed  wood,  which  reduces  it  to  FeS^, 
this   taking    up   the   form    of   the   tiee   cells; 
the  fibrous  appeal ance  can  be  seen  in  Micro- 
photograph  8,  which  is  similar  in  api)earance 
to    the    Conifer    Wood     remains     shown     in 
Micro]>hotograph   1.     Tn  Ocgies  coal  I  found 
a  s])e(imen    in    which    the   pyiites   had    taken 
up  tlie  form  of  a  Pachypteiis  leaf  (compare 
Brogniaii    I'latc  V)   with    fig.    "a"). 


Fig.   "a."  Natural  Size. 

Impression    from    l':uhvnt(>ris   Iciif    from    Ooij-es 

Coal. 


Cu  III  b  list ioti . — An  analysis  of  coal  from 
the  Apex  Springs  series  is: — C  -  58-89%; 
ii  -  3-80%;  S  -  1-50%;  N  -  1-4%; 
11,0  -  3-41%;   O  -  10-00%;  Ash  -  21-00%. 

The  oxygen  in  the  coal  is  assumed  to  be 
combined  with  hydrogen  in  the  form  of 
A\ater  (which  water  must  exist  in  the  coal 
in  a  combined  state,  as  it  is  not  driven  off 
by  oidinary  diving  at  100°  C),  the  reason 
for  this  a^suni])tion  being  that  the  affinity 
between  liydiogen  and  oxygen  is  greater  than 
that  between  oxygen  and  anv  of  the  other 
constituents  of  coal,  as  evidenced  by  their 
greater  heat  of  combustion.  Thus,  in  a  coal 
having  the  above  analysis,  the  hydiogen  per- 
centage should  be  reduced  by  an  amount 
obtained  from  the  equation  H.,-f- 0  =  11,0. 
namely  2/16  of  1000%  =  102%.  The 
hvdrogeii  percentage  then  becomes  (3-80  — 
1-02)",',    =    2-78%.^ 

One  should  be  able  to  obtain  the  calorific 
value  of  th?  coal  bv  multiplving  the  weight 
of  the  combustibles  per  ])ound  of  coal  by 
their  separate  calorific  values,  thus:  — 

Caibon      58-89    x    14,540   =    8,540  B.Th.U.  • 
llvdrogen  2-78    x    52,830    =    1,470  B.Th.U. 
Sulpluir      1-55    X      4,032    =         60   B.Th.U. 


1 


10,070 


In  jjractice  it  is  found  that  the  caloiific  value 
of  a  coal  determined  ex])erimentally  is  lower 
than  that  given  by  calculation,  the  differ- 
ence being  due  to  the  Cail)on,  llvdrogen, 
and  Sulphur  being  present  in  the  coal  in 
complex  forms.  It  is  ])robable  also  that  the 
F'ixed  Carbon  even  is  piesent  in  not  alto 
gether  its  free  state,  and  heat  is  lost  in 
bringinu  about  the  dissociation  of  these  com- 
pounds. I'hnpiiical  formulae  are  sometimes 
used  for  obtaining  the  calorific  value  of  coal 
from  its  ult innate  analyis,  such  as  the  fol- 
lowiiig  •  — 

Cahxific    Value   (B.Th.U.) 
=  146-5C  +  621 II  -  54(0  +  N) 

where  C,  II,  O  and  X  repiesent  the  ])erceiit- 
ages  of  caibon.  hydrogen,  oxvgen  and  nitro- 
gen respectively.  However,  the  calorific 
values  of  coals  are  practically  always  deter- 
mined ex])n  imenlallv,  and  aveiatje  value- 
for  Witbank  coah  aie  12,000  B.Tli.U.  ])er 
pound  of  coal,  and  for  Apex  ccal  9,000 
T^.TIi.l'.   per  ])ouMd  of  coal 

The  stages  that  coal  goes  through  in  a 
boiler  furnace  are  as  follows: — First,  the 
moisture  is  diiven  off  as  "^-team,  and  is  car- 
ried off,  chemically  unchanged,  with  the 
waste  gases:    at  some  steaming  stations  the 
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coal  is  moistened  before  feediusr  it   into  the 
boilers,    with   the  idea   of   keeping  the    fines 
from    falling   through    the    grate,     but     this 
moi.^ture  will  all  be  driven  off  before  the  coal 
reaches  a    sufficiently    high    temperature    for 
the  formation  of  Water  Gas.  so  in  the  com- 
bu.'^tion   this   water  acts  onlv   as    a    diluent. 
Microphotographs    9.    10,    11.    and    12    show 
the  distribution  of  the  incombustible  matter, 
the  fixed  carbon  and  the  \olatile  matter  in 
different    varieties   of   coal,  and   help   one   to 
\isualise   the   subsequent    changes    that    take 
place  in  the  boiler  furnace;  first,  the  volatile 
matter  boils  and  distills  cff,  tiie  gas  pressure 
cracking  the  coal  where  theie  is  any  weak- 
ness such  as  between  the  different   layers  in 
h--   '    '    coal    (v     Microphotogiaph    13);    the 
1  istible    matter    and    fixed    carbon,    if 

>mall    in    size,    will    float    about    the    boiling 
matter,   and  as  this  distills  off  the  ])ar(icles 
v.ill    cohere    and    give    a    cellular    or    ribbed 
rructure    (v.    Microphotograph    14);    if    the 
:nbustible    matter   and    fixed     carbon     is 
.;ser  in  .size  and  moie  compactly  arranged. 
1-  in  the  dull  bands,  the  volatile  matter  will 
merely  force  itself  through    the    gaps,    and 
when  these  are  not  big  enough  it  will  crack 
the  coal  (v.    Microphotograplis    1.5   and    16); 
a  certain  amount  of  the  volatile  matter  will 
d>  '         e  a  siiinv  carbon   deposit 

f.  (»le  natter  or  on  tlie  fixed 

trbon,  such  as  one  fees  in  coke.  Through 
the  .spaces  now  in  the  coal  the  air  jiene- 
< rates,  and  the  oxidation  of  the  carbon  is 
irried  out.  When  the  volatile  matter  dis- 
'  off  it  wa.s  carried  through  the  aicliway 
rtii-j  •'•'  •• '•  ■  •■•  'Tiber.  ;'nd  there  if 
the  ■  '  ntly   high   and   the 

imbustion     chamber     is    large    enough     to 
allow  the  ga-s**^       "'  *  •'  .      ,ire  com- 

T>Ietely    oxidi«w  _    on    the 

■latively  cool  ^x>iler  tubes.      In  thi.s  connec- 
l,  ■       ■  —I  draught   sytt- 

••  .^    .  with     the     in- 

-d  air  velocity,  A  smaller  {lercenlage  of 
ejtciri'H  air  will  xufTire,   thus  (giving  a  greater 

'■■■••• •••■■• '-'^lure       At  arloainiiig  ulatiou 

draught    is    ure<l    and    where 
the  fnrnarr  tem)M>ra(ures  are  never  \enn  thaii 

'■""•^   C  .    there   ar«-    -  *    the     !«niok«? 

of   any     inc«.  tition,     but 

f   furnare   iemp^ralurer    are    lower 

I'  ''  (.*  ,   whi'-li   ■  ■     .      ,,j„.|,„ 

«  „    on    natural    d'       _  trx) 

'•all  eomkuotion  rliamlicr*,    there  are  signi 

«•'  '    unhiirni    rnrlKin    par- 

I'  -:...  k. 

Il<  .    th«  aah.   if  this  is  fairly   heat- 

ing,   oiirh   as     that     cnntaining     chiefly 


silica    and   alumina,    and    if    it    is   compactly 
distributed,  it  will  retain  its  original  shape, 
as  is  the  case  with  the  dull  portions  of  Apex 
coal;  but  if  it  is  present  in  smaller  particles 
and  more  widely  distributed,  it  will  be  car- 
ried away  with  the  draught  when  the  carbon 
around  it  is  oxidised  awav.  as  is  the  case  with 
I  lie    briglit    bands    in    Transvaal    coals,    from 
which    there    is    a    fair    amount    of    this  fine 
ash.    and    provision   has   to   be   made   for   re- 
moving  il    from   the   end  of   the  combustion 
chamber  and   from   the  flues.      If   an  ash  is 
not    a   good    heat    resister   such    as   that  con- 
taining a  fair  amount   of  lime  or  pyrites,  it 
w  ill  fuse  and  form  clinker ;  pyrites  also  lias 
the  disadvantage  that  it  accelerates  the  cor- 
rosion   of   tlia   grate   links   or  fite     bars,     bv 
forming    ferrous  suli)liide     in     between     the 
crystal  grains  of  the  iron.     Microphotograph 
6  shows  a  jnece  of  C.I.  grate  link  which  was 
heated  in  contact  with  pyrites  in  a  furnace; 
the  greater  part   of  the  pyrites,   though,     is 
oxidised   to  SO.   and   carried   away   with  the 
flue  gases,  and  when  this  or  the  hot  ash  con- 
taining some  unburnt  pyrites  comes  into  con- 
tact    with     moisture,     Sulphurous     Acid     is 
formed,    which,    of  course,    has    a    very   cor- 
rosive  action    on    iion    such    as   the    roofs   of 
surrounding   buildings. 

Ash    in    coal,    es])eciallv    when     it     reaches 
high  jiercentages  such  as  in  Aj)ex  coal  (25%) 
is  a  disadvantage  as,   bevside«  taking  away  a 
relativelv  sniall    amount    of   heat    to   the   ash 
pit,   it   prevents,    mechanically,   the  complete 
combiistion  of  the  carbon,  which  is  a  .seriou.s 
consideration;   in   the  dull   portions  of   Ai)ex 
coal,  for  example,  which  is  verv  high  in  ash 
(v.    Micr((phot(jgraph  0).  the  caiboii   is  often 
oxidised   only  to  a  depth   of   y   or  ]"   below 
the  surface,  and   then  the  protective  layer  of 
ash    j)n'vent'<    further   oxidation.      (v.    Alicro 
photog^aph.^   15  and    16).      One  also  gels  (he 
same   effect    with    a    verv   fusible   ash.    when    a 
layer   of    liquid    ash    will    foi  m     around     th'; 
coal  and  prevent   the  air  from  getting  at  th'j 
surface    (v.     Microphotograph     17).       Hv    in 
cr^afing  the  pxpove<l  surfa«'«'  cif  the  ••ohI  rela- 
tive   to    the    volume    this    effect      is     lessened. 
Ill    Table    I    are   shr)wii    values   for    the    ratio 
of  area   to  voluitu*  for  coal   of  diffrrent    siz<>s, 
axKuming  the  coal   to  be  cubical,   fioni  which 
il    will   he  (treii    that    if   the  coal    in  biokcn    up 
from   fi*   cii'  nj"    pHrlicles.    (he   expovinl 

riirfac/?  in  it  i  I'lt'O  (iuiet*.  in  wlii<h  <'a»e 

the  elTert  of  the  hmIi  iipnn  con<buHtioii  will 
Im*  ne;;!igible,  which  conrli(ion  i^  ulidMned  in 
I)iinI  F'uel  boiler^  It  is  lather  furpiiMiiii; 
thai  |)u»t  Fuel  boiliTK  are  "ol  more  popular 
with    users   of   coal    of   high    k  h    content,    nn 


120 


Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Jan.,   1922. 


in  addition  to  the  more  perfect  combustion 
resulting  from  a  larger  exposed  surface  the 
mixture  with  the  air  is  much  more  intimate, 
and  so  comparatively  little  excess  air  will  be 
lequiied.      Of  course  Dust    Fuel  boilers  liave 
their   disadvantages,     such     as     the     quicker 
choking  uj)  of  the  f^ues  and  llie  cost   of  pul- 
verising the  coal:   the  cost  of  pulveiising  the 
coal  is  e'-timated  at  about  6d.  a  ton.     How- 
ever,  the  carbon  value  in  the  ash  of  a  coal 
having,  say,  25%  ash  and  costing  7/-  a  ton 
will  be  about   1/5  per  ton  of  coal  burnt,  so 
the  cost    of    pvdverising    is    only    about    one- 
third   of   the   value  still    in    the   ash.        This 
figure  is  obtained  as  follows: — In  the  ashes 
there    will    be    about    12i%    of    the    original 
weiirht   of  the  coal  of  unburnt   carbon,  whoso 
calorific  value  relative  to   lib.  of  the  original 
coal  will  be  (12-5    x    14540)    +    100   =    1820 
B.Th.U.,    and    taking    the   calorific   value   of 
the  coal   at    9000    B.Th.U.,     the    percentage 
lost  in  the  a'^h  will  be  (1820  /  9000)    x    100 
=    20-2",',    of   the   value    of    the    coal,     i.e., 
20-2%  of  7/-    =    1/5.     The  disadvantages  of 
Dust   P^uel  boilers  are  not  really  serious,  and 
their    more   general    adoption    should    be   ex- 
]>ected.       A    po.ssible    further    apj)licat ion    of 
Dust  Fuel   boilers   is   in   connection   with    the 
removal  of  the  bye-products  fioiu  coal  before 
using  it   as  fuel;   the  coke  obtained   aftei'  re- 
moving the  bve-]iro(hicls  is  not    suitable  as  a 
fuel  ill  the  ordinarv  Ivjm'  of  boiler   fuinaces, 
but  pulverised  coke  can   be  used  cfhcientlv  in 
Dust    Fuel    boilers. 

Another  development  in  the  use  of  pul- 
verised coal  is  as  Colloidal  Fuel,  i.e.,  pulver- 
ised coal  and  fuel  oil  mixed  with  small  quan- 


tities of  a  third  substance  which  keeps  the 
coal  particles  in  suspension,  and  this  is 
sprayed  into  the  funiace;  this  arrangement, 
however,  is  not  an  advantage  in  a  country 
to  which  oil  has  to  be  imported,  and,  in  any 
case,  its  advantages  over  the  ordinary  Dust 
Fuel   boilers  are  doubtful. 

The  carbon  contents  of  the  ash  from    the 
ordinary    types    of    boilers    using    semi-bit u- 
menous   coal    is   about  50%    of   the  ash   con- 
tent of  the  coal;  thus  in  a  station  where  the 
average  ash  content  of  the  coal  is  20%  this 
will   take  away   with   it    10%    of  the  original 
weight  of  the  coal  of  carbon.     This  percent - 
tage  can,  of  course,  be  decreased  by  increas- 
ing the  excess  air  and  lowering  the  CO^  ])er- 
centage  and  furnace  efficiency.      The  author 
has  suggested  carrying  out  experiments  with 
a  view  to  reducing  the  carbon  percentage  in 
the   ashes,    by    allowing   hot    ashes   to   collect 
on  top  of  the  tippler  and  then  passing  steam 
slowly  through  them   from  underneath;   this 
steam   should    diffuse   through    the   cracks   in 
the  ashes  and  combine  with  the  hot   carbon 
to  form  water  gas  according  to  the  formula 
C   +    H,0   =   CO    +    H,. 

( 'omliiixt  loii  (flniirtticdl  iiunilit  of  air  rc- 
(jiiircd  /)(/■  II).  iif  rit(tl). — Consider  the  case 
of  Wit  bank  coal  having  an  analysis:  — 
C  -  66-45%:  II  -  417%:  S  -  1-55%: 
O  -  805%:  H.O  -  105%:  N  -  1-20%: 
Ash  -  17-53%.  The  percentage  of  hydrogen 
will  have  to  be  reduced  by  2/16  of  8-05  — 
10",,;  the  hvdrogen  percentage  then  being 
317%;  this  being  to  allow  for  the  8-05%  of 
oxvgen. 


Cai'bon.    (C  +  02  =  C02)      Vl  IIks.  carbon  require  82  of  oxvgen 

(l2  +  :Vi  =  41-)        •(>(>}■:)  lbs.   .,  .,    (.^2  12)    X   .6645  of  oxygen  :=  177  His.  of  oxygen. 

Hvdrogen.    (H2  +  0=H20)    2  lbs.  hvdrogen  ie(|uire  16  lbs.  oxvgen 

U-fl()  =  lS;  0817     '    .,  .,        (16/2)   X  :o;-;i7  =  O-J.")  ll)s.  of  oxygen: 

8nlpliui'.      (S-f  02  =  1^02)      nil.  I'l'  Milphiii- r(M|uircs   lib  oxygen 

(.32  +  82  =  64)      VVu)  ,,  ,,  say  02  11).  oxygen 


Oxygen    required    to    hum    carbon    in  I  Ih.  of  coal 1  77  lbs. 

Oxygen    required    to    burn    hydrogen   in    I    lli.   of  coal       -25  lbs. 

Oxygen   required    to    burn    sulphur    in   I   lb.  of  coal   -02  lbs. 

Total    204  lbs. 

28  lbs  of  oxygon   are  contained   in    lOO   lbs.   of  air 

2-04       ,.  ■ (100  23)   y  204 

=^8-9  lb.s.   of    air. 

Thus,   VS'ilbank  coal   requires  for  combustion    89    lbs.    of    air.      And    similarly.    Apex    coal 
requires  for  combustion  7  7  lbs.  of  air. 
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Comhi'xfion  (femperaftire  of  comhitsflon). — 
Witbank  coal.     Products  of  combustion:- — 

1  lb.  coal  requires  8*9  lbs.  air  containiuir     (77  1<X))    >;    8-9  lb.s.   iiitrogeu 


Xiti-offen  coutaiued  iu  1  lb.  of  coal 


=      6.85  lbs.  nitrogen 
•01  lbs. 


Total  iiitrosren  =      686  lbs. 

2    lbs.    of     livilroiTen    is    rontaineil    in    18    ll)s.    of     steam 

•U417       ..  ..  ..  .:iv^    lbs.    ,. 

Moistui-e  in  i-oal  01 

Total   steam  89 

To   burn     6645   lbs.    of   carbon    tliere   is     required    1  77   lbs    of  oxvoen,   this  resulting  in 
( 6645    -    1  77)   lbs.   of  CO,    =    2  43   lbs.   of  CO.. 

To   rai.«€  the   products   of    combustion     of   1  lb.  of  coal  1°  F.  :  — 

Weight.        Sp.  Ht.       B.Th.U. 
CO.  24o 

H.6  39 

N' 6-8G 

As'h  16 


216 

■526 

-175 

■185 

244 

1-673 

200 

■032 

Total 
Average  falorific  value  of  coal  12000  B.Th.U. 
Average     boiierliouse     temperature     86°    F..  30°   C. 

Theoretical  Tempei-ature  of  combustion    ... 

With   "><)*-  air  dih:tiMn  :  — 

Weight  r,f  air  4'45  lbs.     ■    Sj).  Ht.    J-w    ... 

Heat  fur  products  at  above 

Total 


2  416 


=  12(:mX)  2-416  +  86°  F 
=  5060° F  =  280OOC 


-   10.-)4 
=  2  416 

=  .3-470 


15.  Ti-  r. 


Thef»i-eticHl  Tempei'atui'e  of  cumbiistion 


v  : 
.lir 


TemperHture 


KiOX 
I.-.IOOC 


f'nhiirnt  Cnrhnn  in  A»h. — Ah  unbumt  car- 
bon in  th*  ajih  from  Hemi-bitumenouH  steam 
,      '  -•     to  al>out  50;,,  of  the  lhe<^>reti 

.1  of  the  coal,  considering  Wit- 
bank  coal  containing  16%  a»h,  I  lb  of  coal 
wh»n  burnt  will  be  reduced  to  16  lb.  of  a»h 
■'  lb  of  unburni  railKin.  and  ro  of 
i,.  '.>.A't  lb  of  rarlxin  in  the  coal  only 
i  *X,Ah  OH)   lb     will    \>t!  utilined,   and   the 

a.iilable  lalorific    valu«-    will    In*    |pdiire<j    by 
,  i,-^    0     14'"  IIWl  M  Th  r  .  and  HO  th«' 

;.,Hilabli.  value      will      l>e      lOfiCO 

H  Th  L*     fier  lb     of  coal 

To  faii*e  the  nrcMJuctn  of  rombunlion  of 
I  lb.  of  coal  1^  P.,  allowing  for  unbunii 
carVwn    in   aih 


-  12*  hX)  3-470  *  b6°F. 
=  :<55()°F.     =  1960°C. 


l'.))X 
12.*itj 


2<  N  (X 

25i»%       300% 

»r  i040°c 

9U0°C     HOOt 

'C. 

Weight. 

Sp    lit 

MTh.U 

CO. 

2  14 

•216 

4  64 

H,0 

39 

■475 

185 

N,  

6  12 

241 

I  .192 

Ash 

16 

•200 

032 

I'nburiit 

carbon 

08 

2 1 2 

017 

Total 


190 


Thi'(>r«  (icul     leiiiperalure    of    combustion     = 
nOH60/2  190     ♦     Kr.o   K       , 
50100  K.    -   2760O  (• 

The    U»     of    nir   per    lb     <if    cial    for   <oin 
biiNlion   will   b<    7  96   IbH  ,   and.     Inking    thi« 
fi(;ure,   the    teniperntur<»i«   of    combmticni    for 
dilTerenI   porcenlnge*  of  exccMH  nir  will  be;  — 
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Excess  air 
Temperature 


50% 
1940° C 


100% 
I4i>0°t' 


150% 
1200°C 


•200% 
1020°C 


250% 
890°C 


300% 
800°  C. 


To  show  the  variation  of  temperature  with 
excess  air  1  have  plotted  these  figures. 
(Curve  1.) 

One  may  determine  the  percentage  of  air 
in  the  flue  gases  by  determining  that  of  the 
oxvgen :  tlie  percentage  of  CO^  jiresent 
varies  according  to  tliat  of  the  excess  air, 
and  this  determination  is  tlie  one  that  is 
usuallv  made. 

Tlie  CO.,  from  the  combustion  of  1  lb.  of 
coal  (assuming  8%  of  the  carbon  unburnt) 
is  2- 14  lbs.,  at  a  densitv  of   1  38  relative  to 


Excess  air 
C02%       .. 


Nil 
181 


50% 
11-9 


Cui-ve  2  shows  these  figures  plotted,  and 
Curves  1  and  2  are  combined  in  Curve  3  to 
show  the  relation  between  the  CO^  ])ercentage 
and  the  theoretical  temperature  of  com- 
bustion. 


going  on  to 


//f'fif  last  in  f.rct'xx  air. — Now 
the  consideration  of  the  heat  lost  in  the 
excess  air,  assuming  the  difference  between 
the  boiler-hou.se  temperature  and  the  stack 
temperature  to  be  300°  F.,  for  50%  excess 
air,  i.e.,  3-98  lbs.  of  air  per  lb.  of  coal,  the 
B.Th.U.  lost  are:— (300  x  3-98  x  237)  = 
283  B.Th.U.  Now  the  available  calorific 
value  of  the  coal  (assuming  8%  of  the  weight 
(jf  the  coal  of  unburnt  carbon  in  the  ashe*^) 
is  10850,  so  with  50%  excess  air  the  j)erceiit- 
age  of  available  combustible  wasted  will  bo 
(283/10850)  X  100  =  2-6%.  Curve  4  shows 
these  figures  j)lotted  for  various  percentages 
of  excess  air  and  for  various  differences  in 
temperature  between  the  stack  and  the  boiler 
house. 

T/ir  fff'cf  of  tJip  ns/i  in  coal  o/i  its  fjito- 
rtficfil  /rill jirrnf lire  of  rdiiiliiixtinv . — Compar- 
ing with  Witbank  coal,  a  coal  having  ap- 
j)roxiinately  the  same  C/ll  ratio,  and  the 
same  percentages  of  sulphur,  etc.,  but  hav- 
ing, say,  10%  more  ash,  the  theoretical  tem- 
perature will  be  lowered  according  to  the 
specific  heat  of  the  10%  of  additional  ash. 
which  will  be  very  small.  Takiiitr  a  Witbank 
coal  who.".?  analysis  is: — C- 66-45;  11-4-17; 
S-1-55;  O-8  05;  11.0-1-05;  N  -  1  20 ; 
Ash-  17-53;  and  keeping  the  C/II  ratio  the 
same,  namely,  15  9,  but  iiureasing  the  ash 
ratio  by  10";,  to  27-53,  and  keeping  the  re- 
mainder the  same,  we  get: — C- 57-04%; 
ami    If -3  58%.     The  heat  required  to  raise 


Relative   volume    of   CO^ 
1-54  units. 


2-14/1-38 


The  nitrogen  from  the  combustion  of  1  lb. 
of  coal  =  6121bs.  This  at  a  density  of  -875 
gives  a  relative  volume  of  7-00  units.  The 
percentage  (bv  volume)  of  CO.,  is  then 
(1-54/7-00  -f  l-,54)  X  100  =  18-1%.  Tak- 
ing the  air  lequired  for  tlie  combustion  of 
1  lb.  of  coal  as  7-96  lbs.,  and  its  densitv  rela- 
tive to  oxvgen  as 


-90,  and  working  similarly 


for   different    percentages   of    excess   air,     we 
get:  — 

lu0%       150%       200%       250%       300% 
8-7  71  5-9  50         4-4 

the  ])roducts  of  combustion  1°  F.  will  be:  — 


H.,0 
CO.. 

N..  .. 
Ash 


Weight. 

Sp.  lit. 

B.Th.U 

•33 

-475 

•157 

2-09 

-216 

•452 

5-78 

-244 

1412 

•27 

•200 

•054 

Total 


2-070 


Now  determining  the  calorific  value  by  the 
empirical  foi  mula :  — 146  5  C  +  621  U  - 
54  (O  -[  N),  we  get  a  caloiific  value  of  10530, 
and  so  the  theoretical  temjjerature  of 
combustion  is  10530/270  -i  86°  F.  =  ai)])rox. 
2860°  C.  Taking  the  calorific  value  of  th.- 
(.riginal  coal  on  the  same  basis  from  the 
fornnila,  we  get  its  calorific  value  12280,  and 
a  theoretical  temperature  of  combustion  of 
a])prox.  2860°  C.  So  the  addition  of  10% 
of  ash  has  practically  no  effect  on  the  theo- 
retical tem])erature  of  combustion.  Aj)ex 
coal  has  practically  the  same  C/II  ratio  as 
Witbank  coal  (Apex  15-5,  Witbank  159), 
and  the  remaining  constituents  are  ])re'-ent 
in  about  the  same  percentages,  with  the  ex- 
ception of  the  ash,  which  is  about  10),', 
higher;  so  the  temperatures  obtainable  with 
A])ex  and  Witbank  coals  should  be  praiui- 
cally  the  same,  and  in  a  Dust  Fuel  boiler 
this  would  be  the  case,  but  in  an  ordinary 
boiler  furnace  the  temperatures  obtained 
with  Apex  coal  aie  con- idei ably  less,  the 
difTeience  being  usually  about  300°  C,  and 
this  is  chiefly  due  to  the  ash  hindering, 
mechanically,  the  comlnist ion,  and  the  conse- 
quent   necessity  for  more  excess  air. 

In  piactice.  a))ait  fiom  the  chemical  com- 
l)osition  of  the  coal,  and  the  amount  of  un- 
burnt   carbon    left    in    the  ashes   after    com- 
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bustion,    the   furnace     temperature     depends 
ou  :  — 

1 .  The   amount   of   excess   air. 

2.  The   speed    of   combustion,    which   can   be 

varied  bv  van.'ing  :  — 

I  a)   The  speed  of  the  grate. 

<b)  The  thickness  of  the  coal  on  the 
grate. 

(c)  The  average  difference  in  air  pres- 
sure between  the  bottom  of  the  grate 
and  tlie  top  of  the  coal  layer:  the 
actual  difference  in  pressure  varying 
with  the  position  on  the  grate,  de- 
pending on  the  shape  and  size  of 
the  arch  and  combustion  chamber, 
a  higli  arch  reducing  this  differ- 
ence. 

3.  The    mechanical    distribution    of   the    a.=h 

and  the  combu.stible  matter  in  the  coal. 

4.  The  bize  of  the  coal. 

5.  Radiation  from  the  furnace. 

6.  Conduction    bv    air   currents   around     tlie 

boiler,  and  water  currents  in  the  boiler 
tubes. 

Xow  if  tlie  fires  are  so  arranged  that  com- 
bustion  is  ju«>t  completed  as  the  ashes  drop 
over  the  end  of  the  grate,  then  for  any  ijiirii 
ijrate  xpeed,  if  the  coal  thicknes.s  is  kept  con- 
«tant,  the  other  iteni.s  should  be  practically 
con-stant.  and  .so  al.so  tlie  furnace  tempera- 
ture, whicli  would  represent  a  definite  CO, 
ratio;  the  ratio  of  furnace  temperature  to 
CO,  w«'uld  of  course  varv  with  differeiil 
typ«  of  boiler  furnaces.  In  using  mixed 
coals,  even  though  their  grade  is  so  arranged 
no  aji  to  complete  combu.'«tion  at  the  same 
time,  yet  the  furnace  temperature  will  vary 
with  the  ratio  in  which  the  coals  are  used. 
However,  a  regular  record  of  the  furnace 
tem[>eratures  in  a  boiler  lioui'e  is  useful  if 
one  determine!!  for  each  boiler  the  amount 
it  is  above  or  J>elow  th*-  '••  lemperature 

for    the    whole     l»<»iifr  lor    the     samp 

f>eriod  ;  if  there  in  an  excessive  drop  it   will 

fault     liat    d«*v»»Ioped     in 
,     :    -  .   ..if,  and  "teps  can  Ih?  taken 

to  find  out  what  it  in.  From  the  tempera- 
furr  r#^ord«  an  »"<timatr  ran  aNo  l»e  f»»rmpd 
of  \\\n  relative*  work  done  bv  individual 
b'liUm  mm  •  check  on  the  estimate  formfni  bv 
th<>  amount   of   f«>«><|   water  pumped   into  the 

ini;  «ii  In  one  case  it  wm  noticed  thai 

''  ■  .  !••    of    onw    fK»il«»r   wa" 

I  in  ihn  Mhers,  and 
(hat  it  wu  inrre«<ini;  uliKhtly ;  this  would 
indiralM  that  this  boiler  was  rloiiiK  mor«*  work 


than  the  others,  and  so  the  formatiou  of  the 
scale  ill  the  boiler  tubes  would  be  quicker, 
this  gradually  raising  the  temperature  on  the 
outside  of  the  tubes,  and  so  slightly  raising 
llie  furnace  temperature.  The  advantage  ot 
taking  furnace  temperatures  with  an  optical 
pyrometer  over  CO^  determinations  for  esti- 
mating relative  furnace  efficiencies  is  that 
one  can  take  readings  from  all  the  boilers 
in  a  very  short  time,  and  so  eliminate  any 
factors  that  affect  the  boiler  house  as  a  whole, 
such  as  the  changing  of  the  ratio  of  the  coal 
mi.xtuie.  and  changes  in  grate  speed  and 
draught  due  to  varying  loads;  whereas  mak- 
ing determinations  with  the  Orsat  Apparatus 
would  take  some  hours  if  one  take.'' 
two  or  three  readings  from  each  to  get 
average  figures.  One  could,  of  coui-se,  instal 
automatic  CO^  recorders  on  each  boiler,  but 
this  would  be  expensive  and  need  a  lot  of 
attention;  however,  the  use  of  one  CO^ 
recorder  connected  with  (lie  main  flno  is 
useful  in  checking  the  combined  efficiency 
of  all  the  furnaces.  Curve  5  shows  a  record 
of  relative  boiler  furnace  temperatures,  being 
the  amount  thai  each  boiler  is  above  or  below 
the  station  average  for  each  week.  It  will 
be  noticed  that  generally  the  furnace  tem- 
peratures increase  slightly,  and  after  a  boiler 
being  off  for  cleaning  the  temperature  is 
lower,  this  effect  being  due  to  scale  forming 
in  the  boiler  tubes.  Number  11  boiler,  whicli 
has  about  twi<'e  the  steaming  capacity  of  the 
others,  and  which  consequently  uses  about 
twice  as  much  air,  was  off  for  cleaning  during 
weeks  7  and  8.  The  draught  then  dislri 
buted  il^elf  more  evenly  between  the  remain 
der.  and  so  there  was  an  increa.se  in  (he 
average  ten-periituies  on  the  West  side,  and 
a  dc<'rea.se  in  the  Kast  side  which  was  most 
marke<i   on   boilers  4   and  .'). 

The  iiigher  the  (emperadiic  ui  coinbus(ion 
the  higluT  will  l)p  the  C()_.  pcncnlagc  and 
the  furnace  enicieeicy,  as  .'^hown  in  ("\irve  W. 
The  temperature  can  be  rai.sed  bv  increa«ing 
the  <lraMght,  tin*  grate  speed,  and  the  (hick 
ness  of  the  fires.  My  increa.sing  (he  draught 
about  U'  or  2*  water  gauge,  (he  boilers  ncc.l 
iriuch  niiire  attention  to  avoid  air  leakage, 
Hiirl  the  ex|)eMisc  of  iImh  may  countoract  the 
•aving  in  ««)al.  Also,  if  too  high  furnH<i» 
limpeialuteH  aie  usrd,  the  life  of  the  grate 
links  is  murh  reduced.  In  practice  a  inerlium 
teiiipeiat lire  in  pn  ferr"d  to  ledine  expi-iiM-M 
in  «( lent  ion  and  rinewals  The  Dust  Fuel 
l>"  '  the    adv/lll(iige    lieie,    as    t  he 

'■'-'  "iber  i*«i'   be  made  entirely  of 

lefraHory   material,   and   so  (he  expensos     n 
upkeep  will  not   inerra«e  n>nterinllv  bv  iifing 
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high  temperatures.  Teniperature/CO^  figures 
obtained  from  a  Babcock  boiler  have  been 
plotted  on  Curve  3,  the  variations  in  tem- 
perature being  due  to  variations  in  grate 
speed  and  draught  to  suit  the  changing  loads. 
The  difference  between  this  curve  and  the 
theoretical  curve  is  due  to  the  type  of  coal 
used,  to  conduction  and  to  radiation  (varying 
according  to  Stefan's  Law);  both  of  these 
latter  varving  with  the  design  of  the  boiler. 
The  different  temperatures  in  different 
parts  of  a  boiler  furnace  follow,  more  or  less, 
the   following   tvpical   examples:  — 

r  from    the    hopper     980OC.   to   1070OC. 

1'  6"   from    the    hopper   1020OC.   to   1070OC. 

8'  6"   from    the    hopper   1020OC.   to   1070OC. 

10'       from    the    hopper     970OC.   to   1060OC. 

The  end  of  the  bright 
flame,  the  position  of 
whicli  will  vary  ac- 
cording to  the  grate 
speed,   etc SSOOC.   to   1040oC. 

Ashes  going  over  end  of 

grate 840OC.    to     880OC. 

As  the  coal  travels  along  with  the  grate  it 
becomes  smaller  in  volume  owing  to  the  loss 
of  its  combustibles,  and  so  the  draught  can 
get  through  it  more  easily,  this  increased  air 
being  used  for  the  combustion  of  the  small 
remaining  portion  of  combustible  matter, 
thus  tlie  percentage  of  excess  air  increases 
towards  the  back  of  the  boiler,  and  results 
in  a  lower  temjjerature.  In  this  connection, 
if  experiments  in  producing  water  gas  from 
the  carbon  in  the  ashes  on  the  tippler  prove 
successful  it  would  be  of  advantage  to  arrange 
for  the  ashes  to  drop  off  the  end  of  the  grate 
in  a  less  completely  burned  state,  so  as  to 
reduce  the  percentage  of  excess  air  coming 
through  the  back  of  the  grate.  In  most 
modern  boilers  there  is  a  device  for  limitiog 
the  amouni  of  air  supplied  to  the  back  por- 
tion of  tiie  fire:  tliis  in  chain-grate  stokers 
usually  taking  the  form  of  vanes  under  <he 
grate  at  the  back,  and  in  under-feed  stokers 
of  a  separate  air  flue  for  the  back,  controlled 
by  a  damper. 

The  deteimination  of  furnace  efficiencies 
by  temperature  readings  is  most  accurate  in 
a  dust-tuel  boiler,  as  with  that  the  tempera- 
ture is  more  uniform  throughout,  as  with  gas 
combustion. 

.Ul.ri/if/  Cttfilx. — If  one  can  obtain  a  cheap 
low  grade  coal  it  is  often  economical  to  use 
it,  even  if  one  lias  to  mix  with  it  a  certain 
amount  of  better  coal  to  increase  the  calorific 
value;  and  apait  from  pfonomv,  tho  mixing 
of   high   and    medium   graile  coals    witli     low 


grade  coals  is  of  great  advantage  in  a  steam- 
ing station  that  has  to  cope  with  big  varia- 
tions of  load,  such  as  is  the  case  on  the  Rand 
mines,  where,  during  the  underground  shift 
the  load  is  much  greater  than  during  the 
I'est  of  the  day;  these  variations  can  be 
coped  with  in  the  boiler  house  by  increasing 
or  reducing  the  ratio  of  the  better  coal,  and 
of  course  adjusting  the  draught  and  the 
grate  speed  accordingly.  In  mixing  coals 
their  relative  sizes  should  be  so  arranged 
that  they  complete  combustion  in  the  same 
length  of  time;  thus  a  quick  burning  coal 
should  be  larger  in  size  than  a  slow  burning 
one,  such  as  when  Apex  and  Witbank  coals 
are  mixed,  the  Apex  coal  should  be  slightlv 
larger  in  size  than  the  Witbank.  In  mixing 
coals  care  should  be  taken  that  they  are 
mixed  well,  and  this  is  usuallv  arranged  bv 
having  a  conveyor  belt  system  under  the  coal 
bins,  and  arranging  for  the  coal  to  be  fed 
on  to  the  belt  simultaneously  from  the  dif- 
ferent bins.  If  they  are  not  mixed  well  the 
fires  will  show  dark  streaks  which  reduce 
their  efficiency  ;  and  if,  for  example,  there  is 
a  pocket  of  duff  coal,  tliis  will  go  over  the 
grate  without  getting  properly  burned,  and 
it  will  lower  the  furnace  temperature  and  so 
affect  the  combustion  of  the  coal  around  it. 
Coal  containing  much  duff  is  a  disadvantage, 
especially  in  a  station  where  the  draught  is 
low,  as  it  fills  in  the  spaces  between  the  coal 
pieces  and  there  cakes  and  prevents  the  air 
from  coming  through.  If  in  a  station  where 
the  draught  averages  5"  water  gauge,  the 
duff  percentage  comes  to  over  IS",,,  it  would 
be  economy  to  screen  it  out  and  throw  it 
away,  or  if  no  screening  ])lant  is  available 
and  the  duff"  is  more  than  20%,  it  would  be 
economy  to  discard  the  whole  truck  load  of 
coal,  as  is  shown  bv  station  records.  Then 
in  mixing  coals  tliere  is  the  consideiation  of 
the  ash;  if  this  i'^  too  fusible,  so  that  there 
is  difficulty  for  the  air  to  get  at  the  carbon, 
the  addition  of  a  coal  having  a  more  in- 
fusible asli  is  an  advantage,  as  this  lenders 
the  whole  less  fusible;  the  effects  of  the  con- 
stituents in  this  res))pct  is  shown  later. 

St„riiii(.—\n  1909  :\laliler  proved  that 
when  air  is  passed  over  dry  coal,  free  from 
occluded  gas,  at  as  low  temjieratures  as 
250  C.  to  .30°  C.  water,  CO,  and  CO  are 
foinied,  thus  showing  that  as  soon  as  air 
comes  into  contact  with  coal,  oxidation  com- 
irence;^,  and  so  coal  gradually  loses  its  heat 
value  on  storage.  If  coal  is  used  that  has 
been  lying  at  the  sides  of  the  bunkers  for  a 
n)onlh  or  so  the  inripase  in  the  coal  con- 
sumption is  nolicable.     This  should  be  taken 
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into  consideration  in  designing  bunkers, 
which  should  be  so  arranged  that  the  olde-t 
coal  will  be  removed  fir^^t.  In  addition  to 
the  loss  of  calorific  value,  coal  on  lengthv 
storage  breaks  up  into  smaller  pieces  and 
duff,  which  further  greatly  destroys  its  use- 
fulness, and  this  action  is  accelerated  if  the 
coal  bin^  are  open  to  the  weather:  in  fact, 
if  coal  has  been  Iving  exposed  to  the  extremes 
of  the  weather  for  several  months  it  becomes 
practically  useless.  If,  however,  it  is  stacked 
in  large  stacks  this  action  is  largely  kept  to 
the  surface  laver;  but  then  there  is  alwavs 
the  possibility  of  spontaneous  combustion, 
and  as  a  protection  against  this  it  is  an  ad- 
vantage to  place  thermo-couples  in  various 
positions  throughout  the  stack,  so  that  one 
can  determine  any  serious  rise  in  tempera- 
ture  and   take  steps  to  stop  it. 

Spfnitiiiieoii*  Cfiiiihiistidii . — From  Mahler's 
researches  we  see  that  oxidation  of  coal  takes 
place  at  ordinary  atmospheric  temperatures. 
and  this  would  apply  particularly  to  coals 
high  in  volatile  matter.  If  the  coal  is  not 
in  a  confined  space  the  action  will  not  be 
cumulative;  if.  however,  the  conduction 
away  of  the  heat  generated  is  restricted  the 
temperature  will  increa'e,  and  the  oxidation 
will  become  quicker,  until  finally  the  coal 
will  ignite.  Thus  the  grade  of  the  coal  is 
an  impK>rtant  factor,  for  if  it  is  large  and 
irr*-  '  '  .■  '■haped  the  exposed  surfaces  and 
th»-  er«    in    contact    are    small,    so    the 

lieat  can  be  readily  conducted  away ;  but  if 
there  i.s  much  .small  coal  and  duff  j)resent. 
even  if  only  the  >iurface.<«  of  the  coal  are 
covered  with  duff,  then  heat  conduction  is 
>-d.  and  so  the  cumulative  action  is 
..,.  ...i-'fd  When  pyrites  are  present  in  a 
finely  divided  >*tate,  es|)ecially  in  the  pre- 
i«ence  of  moijiture.  oxidation  of  that  takes 
''     ■  !    »o   increases   the   effect  Micro- 

ti 18  .thow«<  the  development  of 
ferric  itulphate  by  the  oxidation  of  fibrous 
pyrite*  from  Ap*-*  I'tn]  Thi«  artion  take-* 
place  even  when  coal  i.h  xtored  under  the 
mfjMt  favourable  ronditiofm.  for  saniplett  of 
kept    in   a    r<  •  !y   dry    room    for 

iionthn   nh"'^  •  -.luct    nx^nn   of    t»ul- 

,'       Tlie    I  of    occluded    gan  in 

roal  miiKl  h\Mt  have  itonie  effect  in  acrelerat- 

inif    up' 

fr»-«-    li 

pa|ier  read  bv  Mr    .l.iiiie<i  Lomax  l>«-fore  (he 
r  •    •■  ■  T  ,.r  thnt 

'>r   roil 

dition.  are  liable  lo  ofHinlaneoun  corabuHtion, 
and  ll-  A'ith  the  hi^b 

est  per.i ^.  .  ...   :...    .'.PT  or  pyrilen, 


'   ;  tion,    an   it    contaiiM 
.    oxygen.       F'rom     a 


but  thev  have  certain  characteristic  arrange- 
ments of  the  constituents  by  which  they  can 
be  identified  under  the  microscope. 

The  Microscopic  ?J. rami  nation  of  Coal. — 
To  prepare  microscopic  slides  of  coal  for 
examination  bv  transmitted  light  is,  even 
with  the  use  of  cements  and  gums,  a  verv 
delicate  and  tedious  process,  so  I  have  de- 
veloped a  method  for  the  preparation  of 
specimens  for  reflected  light,  similar  to  the 
preparation  of  metallograjjliical  specimens, 
by  polishing  and  etching  or  heat  tinting 
suitably  to  bring  out  the  desired  cliaracter- 
istics,  such  as  the  distribution  of  the  incom- 
bustible matter,  the  fixed  carbon,  and  the 
volatile  matter,  as  shown  in  ^Microjihoto- 
graphs  9,  10,  11,  and  12.  from  which  one 
can  estimate  the  suitability  of  coals  for  dif- 
ferent  purjioses. 

Tlir  Choice  of  Coal  for  Sfcuniiiu/. — To  a 
great  extent  the  choice  of  a  coal  for  steam 
ing,  and  the  design  of  the  boiler  furnace  in 
which  it  is  to  be  used.  dei)en(l  on  one 
another.  The  higher  the  percentage  of  vola- 
tile matter  in  the  coal  the  larger  must  be 
the  combustion  chamber.  If  this  is  too  small 
the  gases  will  not  be  com])letelv  burned  when 
they  reach  the  boiler  tubes,  the  cooling  from 
which  will  prevent  their  further  combustion, 
and  apart  from  the  loss  in  furnace  efficiencv 
when  this  effect  is  excessive  it  will  lead  to 
soot  being  formed  around  the  boiler  tubes 
and    so    necessitate    frequoiit    cleaning.  A 

coal  very  high  in  volatile  matter,  say,  above 
3,'>%,  will  require  for  complete  combustion 
a  combustion  chamber  whose  size  will  render 
it  costly  in  erection  and  maintenance,  and  its 
large  external  surface  will  mean  a  corre- 
spondingly large  loss  through  radiation  and 
••onduct  ion. 

A    coal    very   low    in     volatile     matter     will 
burn  with  a  very  low  intense  flame,  such  as 
with    anthracites,  and    this  will    mean   exces- 
sivf»  heating  of  the  grate  links  with  attendant 
high    upkeep    expen.ses.      The   speed    of   ((iin 
buHtion  also  will  be  slower,  and  this  will  par 
ticularly  be  the  cave  with   the  Natal   anllira 
cites,    wh'Te    tlw    avh      p«T<-ciitagi'     is     fiutlv 
high  (12%  lo  15";,  against  the  Welsh  aiithni- 
citen  containing  4",,  to  T)",,  of  ash,  and  dfltti 
le«H). 

ThiiM  the  inoMt  suitable  coaiN  for  Hteaining 
purposes  are  those  coining  betwfi-n  lli<." 
two,   iinninly  the  fetni  bit iiinenou^ 

Then   there  i** 'the  coiiMidi-nit  ion  of  I  lie  ic 
KtiltJMff  null,   which   nhould    break    up   readily 
to    allow    the    coiiibiiNt ion    of    the   carbon    to 
liikcplMce.     CoaU  hnvitig  their  iiicoinbiixi  ililc 
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matter  distributed  as  that  in  Micioplioto- 
graphs  11  and  12  are  suitable  in  this  res))ec( , 
as  on  combustion  they  become  cellular 
(v.  Micropliotograph  14)  and  then  break  up  ! 
into  powder.  When  the  incombustible  mat- 
ter is  distributed  as  in  ]\licrophotographs  <) 
and  10,  the  combustion  cannot  be  so  com- 
])lele,  as  tlie  ash  retains,  more  or  less,  its 
orio^inal  shape,  and  prevents  the  air  from 
getting  at  the  interior.  In  semi-bitumenous 
coals  one  gets  bands  of  both  of  these  types, 
and  one  then  has  to  form  an  idea  of  the  suit- 
ability of  ihe  coal  as  regards  the  mechanical 
distribution  of  the  constituents,  by  estimat- 
ing the  ratio  in  which  these  two  tvpes  are 
present. 

Another  point  to  be  considered  in  the 
choice  of  a  coal  is  that  of  the  ash,  forming 
slag  and  so  clinkering.  With  furnace  tem- 
peratures under  1100°  C.  the  slag  chiefly 
consists  of  the  bisilicate  of   iron,   which  has 

2      FeSg    becoming  2  FeO  requires  i'oi' 
2  (56  +  64) 
1  lb.  of  FeS, 


a  melting  point  of  1065°  C.  ;  but  at  higher 
leni])erat ures  the  slag  includes  more  of  tlie 
i)isilicaies  of  calcium  and  aluminium,  whose 
;nelting  points  are  about  1400°  C,  but  which 
>\hen  mixed  with  iron  bisilicate  will  have 
lower  iiieliing  points  depending  on  the  i)io- 
portions  in  which  they  are  present.  With 
furnace  temperatures  less  than  1000°  C.  there 
is  little  slag:  formed,  though  there  is  often 
enough,  due  to  local  higher  temperatures  im- 
mediately around  the  coal,  to  fuse  the  coal 
pieces  together  and  '^o  foDn  an  o])en  clinker. 

The  bi-silicates  usuallv  liave  the  lowest 
'iieilino-  ])oints  of  the  silicate  slairs,  and  so 
it  is  they  that  are  usually  formed.  Their 
compositions  are:— 2  FeO.SiO,.  CaO.SiO, 
and  Al„0.,.3  SiO.,.  The  slag  calculations  for 
an  ash  will  be  as  follows,  the  amount  in 
which  the  actions  are  completed  depending 
on  the  furnace  temperature:  — 


■;l:ig  formation 


CaCOg    becoming    CaO  requires  for  slag  formation 

(40  +  12  +  48) 
1  lb.  of  CaCOg 


AI2O3 
'A  +  48 

1   11).  of  AI2O3 


ro(|uircs  for  sla<>'  format ii  n 


RiOa- 

2S  +  :?2 

6t)/24(_) 

SiOg. 

28  +  82 

60  100 

;}  SiOg. 
:?  (28  +  :V2) 
I80ao2    = 


Sihca. 


-    -J.")!!. 


=     -6 


1-76  11.. 


Slag,  formiuii  clinker,  is  a  serious  disadvan- 
tage  in  boiler  furnaces,  as  besides  clogging 
up  the  spaces  between  the  fire-bars  it  pre- 
vents combustion  of  the  coal  as  shown  in 
Microphotograph  15;  so  in  choosing  coals 
those  producing  the  least  clinker  are  tlie 
most  desirable,  and  as,  at  ordinary  temjiera 
lures,  the  cluef  slag  forming  content  of  coal 
is  the  pyrites,  it  would  be  of  advantage  to 
the  consumer  when  j)ui  chasing  coal  to 
stii)ulate  a  maximum  pyritic  content,  and 
if  supplied  above  this  percentage  a  rebate 
should   be  arranged   for. 

.Xofes  on  Oi'i'roll  liaihr  lloiixc  Kfl'-- 
t'icnriiK. — In  a  station  generating  35,000,000 
lbs.  of  steam  per  month  at  160  Ibs./sq  in., 
it  was  found  that  tlie  lbs.  of  coal  ])er  lb.  of 
steam  was  as  much  as  -23,  with  a  coal  aver- 
aging 10500  B.'l'h.U.  per  II).  of  coal  and 
15-7  C/II  ratio.  The  load  was  distributed 
over  a  bank  of  10  Heine  boilers  and  1  liab- 
rock  boiler,  the  latter  being  equivalent  in 
steaming  capacity  to  about  three  of  the 
former,  as  is  shown  later.  Now  assuming 
one  Heine  boiler  to  be  always  ofT  for  clean- 
ing,  the   load   per   Heine  boiler    per    month 


would  be  35,000,000/12  lbs.  of  steam  = 
2,900,000  lbs.  of  steam;  and  the  coal  jier 
Heine  boiler  would  be  (2,900,000  x  -23)  lbs. 
=  667, OCX)  lbs.  per  month  =  667,000/43,200 
lbs.  per  mill.  =  15'5  Ibs./min.,  for  whicli  a 
combustion  space  of  about  110  c.  ft.  was 
available.  To  increase  the  furnace  efficiency 
this  combustion  sj)ace  was  increased  to  about 
330  (\  ft.,  by  lowering  the  grates  2  ft.,  and 
the  effect  of  the  alterations  on  the  boiler 
bouse  efficiency  is  shown  in  Curve  6;  and 
in  Curve  7  is  shown  the  late  of  improvement 
])er  boiler  altered.  (\)nsidering  Curve  7  it 
will  be  noticed  that  u])  till  the  3rd  altered 
boiler  the  reduction  in  lbs.  of  coal  })er  lb.  of 
'team  per  boiler  altered,  decreases  at  the 
late  of  006  lbs.  ])er  altered  boiler;  and  after 
this,  u])  till  the  8th  boiler,  the  reduction  per 
I'oil'^r  is  constant  ;  and,  afte';  rfie  8th  boiler, 
there  is  no  reduction.  This  shows  that 
(-riginally  the  boilers  were  overloaded,  and 
so  working  uneconomically,  but  as  each 
alt  "led  boiler  was  jmt  into  cominis.sioii  the 
^teaming  capacity  of  tho  station  was  in- 
creased by  50%  of  one  Heine  boiler,  as  is 
iliown    later,    and     after     the     t'^ird     altered 
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boiler  was  put  into  coramissiou.  the  station 
capacity  was  so  increased  that  none  of  the 
boilers  were  being  overloaded.  Onlv  eight 
boilers  were  altered,  as  these  can  efficiently 
cope  with  the  station  load,  allowing  for  two 
being  off  at  a  time  for  cleaning ;  so  after  the 
8th  the  reduction  in  lbs.  of  coal  per  lb.  of 
steam  would  be  nil. 

That  the  increase  in  the  steaming  capacity 
of  a  Heine  boiler  was  increased  by  50  ^j  by 
the  alterations,    is  computed   as   follows:  — 

Normally  the  load  is  taken  by  1  Babcock 
boiler  and  6  altered  Heine  boilers;  and  when 
the  Babcock  boiler  is  off  for  cleaning  the  load 
is  taken  by  8  altered  Heine  boilers.  Before 
the  alterations  this  load  was  taken  by  1  Bab- 
cock boiler  and  9  unaltered  Heine  boilers;  fo 
taking : — 

B  =  I  Babcock  boiler  =  2  altered  Heine 
boilers  (since  2  altered  Heine  boilers  were 
put  on  to  replace  the  Babcock  when  off  for 
cleaning). 

h'  =   1  altered  Heine  boiler,  and  h  =   1  un- 
altered Heine  boiler. 
Then         9h   ^   B  =  6h'  -   B 
9h   =   6h' 

h'   =   9/6  h   =    Uh. 
Thu.'».  bv  tl'e  alterations,  the  capacity  of  the 
ileinc  boiler  i.n  increa.sed  by  50%. 

From  the^^e  figures  we  get  the  efficient 
load   \*er  boiler  thus:  — 

?h'    =    3.'>  '•  lbs.   of  steam  per  month. 

li'   =      4,.*r.»,-'»0  lb«.  of  steam  per  month. 
=  6.100  lbs.  of  steam  per  hour. 

Thus  1   altered    Heine  boiler  evaporates  effi- 


ciently 6.000  lbs.  of  steam  per  hour  at 
160  ibs./sq.  in.,  and  the  Babcock  12,000  lbs. 
under   the    same   conditions. 

Table  I. 
L    —    Side  of  cube  in   inches. 
b  =    Ratio  of  area  exposed  to  volume    = 
6L-/L'  =   6/L. 

L.  b. 

60  10 

50  1-2 

40  15 

3-5  17 

30  2  0 

2-5  24 

2-0  30 

1-5  40 

10  6  0 

■9  6" 

•8  7-5 

•7  8-6 

•6  100 

•5  12  0 

•4  15  0 

•3  200 

•2  300 

■1  600 

•09  66-7 

•08  750 

07  85-8 

06  100  0 

•05  1200 

■04  150  0 

•03  2000 

02  3000 

•01  600  0 


KKKKItKNCK    H»    .Ml(  IJdl'HonXiH.MMlS. 


I.  X  3.5 

CarhnniMed    remaiiiA  of   ConiftT     Wo<Ki     from 


2 


X  7(Ml 

(  ;fi    WiMxl    fiiirii 

lHir<l«-r«-il    |iiIh. 
I.,    .MinH    l>      KoIIiiikI. 
Ill    I'Jfiit  It  virii;    tluH  ) 

.1  X  Xt 

IVtnfifxl    wikmI     from     '^P*^     (Vml,     khuwinfc 
•niiusl   riiiic*       Tr«n»v«TM>  NM-tioii. 


<T)i«^    .mfii'T 
li  .\        for    li.  I 


I 

I 

ok. 


X  .VjO 

fn      A|H'X     ('<in1        *liowiii(( 
•I       Traii»*<iw    .Sfit i<iii. 

mi«>lrt<ifi«  nl    Mu-tittitn'l    frrim    |»«»lrifi«l    i»«mmI 
^  r      '  ,,K    rIdiiKitlioii.    fiMiiiii    nlul 


0.  X  \m 

Portion  of  (M.  urate  link,   allrr  liaving  l)eiMi 
hfati><l    ill    contact     with    (ivritcs.    sliow  iii^      the 
<liTivc<i    tfi  rolls    .siil|i)ii(lc    iK'twei'ii     iho     ci.v.slal 
I      (iiraiiiN. 

7 .  X    1  .*» 

DiHtnliiil  loll    of    I, line    in    portions      of      .Vpcx 
(oal. 

H.  X  X, 

F'lliiotiH   l*\iitcH  from    .\|mx   Ccml,   liii\iiiji  I n 

iJc|io.mii'd  III  t'onittT  Wootl  (i-.l.  .Micioplioto.   I.) 


0. 


X  X> 


Dull  portion  of  Ai>cx  Coal.  fih<iH'iiiK  ilintri- 
liiitioii  of  ituoiiiliimt  ihlc  matter,  fixed  cailMiti, 
tilnl    volntlK'    liialtei  . 

10  X   X 

Dull     |N>rtioii    of    TMi*i*foiit<'in  Coiil,    hhowintt 

<li«tril>iition      of      iiwomhiiNt  ihli'  mattet',      (Ixol 
eiirlMiii,    nn<l    volatile    nlutter. 


128 


Journal  of  The  Chemical,  MetaUurgical  and  Mining  Society  of  South  Africa.    Jan.,   1922. 


11.  X  35 
Banded    portion    of   St.    George's   Coal,    show- 
ing  distribution    of    incoinlnistible   matter,    fixed 
carbon  and  volatile  matter. 

12.  7  1200 
Portion    of    the     same     speeimen     shown      in 

.Mi(i(>piu)tograph    11,    more   highly    magnified. 

13.  X  35 
Banded      coal.      after      liaviiig      l)een      lieated 

slightly,  showing  tlie  cracking  between  the 
layers. 

14.  X  35 
The     same     specimen     as     shown     in     Micro- 

pliotogra])h  13,  but  broken  between  the  layers, 
and  viewed  at  right  angles  to  the  bedding 
plane. 


15.  X  17 

Dnll  portion  of  Apex  Coal,  after  being 
burned,  showing  the  effect  of  infusible  ash  in 
preventing    complete    combustion. 

16.  X  150 

Boundary  between  com])letely  burned  asli 
and  that  containing  some  carbon,  in  si)ecimen 
shown    in    Microphotograpli    15. 


i; 


X  35 


Ash.  showing  the  effect  of  slag  in  preventing 
oxidation. 


18. 


X  35 


Fibrous  pyrites  from  Apex  Coal,  showing  the 
development   of   ferric   sulphate   on   exposure. 
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MINE    AMBULANCE    COMPETITIOXS. 


These  competition?  were  inaugurated  by 
the  Chemical.  Metallurgical  and  Mining 
Society  of  South  Africa  in  1912,  when  the 
Society  offered  for  annual  competition  two 
shields,  one  for  underground  workers  and 
one  for  surface  worker?  on  the  metalliferous 
mines  of  South  Africa. 

The  shields  are  competed  for  by  ambulance 
teams  of  five  men,  one  team  being  allowed 
for  each  hundred  (or  portion  thereof)  whit-i 
men  employed  on  any  one  mine.  A  silyer 
medal  is  also  j>resented  to  the  winning  team 
and  a  brcnze  medal  to  the  second  team  each 
year. 

In  1915  the  control  of  the  competitions 
was  taken  oyer  by  the  South  African  Red 
Cross  Society,  which  now  provides  the  silyer 
and  bronz3  m.edals 

The  following  are  the  winning  teams  in 
the  metalliferous  mines  competitions  since 
their  incej>tioii  : — 

ScHFACE  Workers'   Shield. 
1912 — Luipaardsvlei    Estate   and    G.M.    Co., 

Ltd. 
1913 — Luipaardsvlei    Estate   and    G.M.    Co., 

Ltd. 
19I.'>-  Crown   Mines.   Ltd 
1916— Crown   Minos.   Ltd. 
1917— Village  Deep.  Ltd 
19 1 R— Village   Deep. 
I'M  9 — Luipaardsvlei 

Ltd. 
1920— Village  Deep,  Ltd. 
1921— New    Kleinfontein   Co..  Ltd. 

Under*. ROUND  Workers'  Shiei.d 
1912 — W-?'<t  Hand  Con-olidated  Mine-, 
191.3 — Luipaardifvlei    EHtate  and    G.M. 

Ltd. 
I9!.'>— Crown  Minen.  Lid 
I'M*;— Crown  Mine^,  Ltd 
1917— Villat'*-  D#e]..  Ltd 
191ft- Crown  Mine-.  Lid 
1<)|'I —frown  Mwie^,  Ltd 
'  ti   Mineit,   Ltd 

1  •-!       hti-i    Rand    Propri'-iorv    .'»liin"t, 


Ltd. 
Estate 


and    G.M      Co. 


Ltd 
Co., 


Lid. 
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of  Mines.  A  highly  instructive  morning 
was  spent  in  a  tour  through  the  section 
devoted  to  the  examination  of  men  coming 
under  the  Phthisis  Act  and  through  the 
bacteriological  and  medical  laboratoiies.  In 
these  coniprehensive  work  is  cairied  on  and 
is  divided  into  sections  dealing  with  the 
examination  and  study  of  foods,  bacterio- 
logical examination  and  diagnosis  for  hos- 
pitals and  the  medical  profession  throughout 
South  Africa,  the  production  of  serums  and 
vaccines,  and  research  into  causes  and  pre- 
vention of  diseases  peculiar  to  this  country. 

The  work  of  the  Institute  was  explained 
in  short,  illu-^trated  lectures  by  the  Director 
and  by  the  heads  of  different  sections,  Dr. 
W.  Watkins  Pitcliford,  Dr.  J.  Harvev 
Pirie,  Dr.  A.  Mavrogoidato,  Dr.  Annie 
Porter,    and   Dr.    \i.    D.    Pullinger. 

Dr.  Watkins-Pitchford  stated  that  in 
legard  to  silicosis  a  clearer  conception  now 
existed ;  it  could  be  recognised  definitely. 
The  rigid  examination  of  all  recruits  for 
underground  service  had  resulted  in  a 
marked  rise  in  the  health  of  underground 
woikeis  and  the  annual  contribution  of  the 
mines  to  the  Phthi'-is  Fund  had  been  greatly 
reduced. 

The  President,  on  behalf  of  the  members 
of  the  Society,  expressed  ajiprecialion  and 
sincere  thanks  to  the  Director  and  the  Staff 
of  the  Institute  for  the  interesting  visit 

To  those  who  were  able  to  join  the  visiting 
party,  he  stated,  the  visit  had  given  an 
insight  into  the  comjjlex  scientific  organisa- 
tion nece.-«arv  to  prcnide  a  country  like 
Sotith  Africa  with  medical  safeguards  con- 
sidered necessary  for  our  ^tHte  of  (  ivilisalion. 
The  institution  was  a  fcntification  against 
ej)idemics  and  held  in  check  the  continual 
onslaught  of  mirrobf"^^.  a  number  of  which 
had     been    exhibited     that     inoiiiing.  The 

Chemical,  Metal!urgi<-al,  ami   Mining  Society 
had    always   taken  a   keen    interest    in    indus- 
trial   health    conditions,    and    Dr.    Mavrogor- 
datoN  Huinmarv  of  his  activities  in   the  field 
touched   a   nympathetic  cord.        The  !ubj''ctH 
in  which   Dr.    Pullin^pr  and    Dr     Annie  Por 
(er    were    npe*  iaiixing,     vil  iiniiii«"<     ;iiid      food 
invfX'tii.'MlionH,    we    had     (halt      with     in     the 
of  our  .Iriurnal.   and    wi-rc   ihcKforc 
:i(l.       Dr     I'irie's    lecluie    on    nu-lhod- 
••iPploviHl  in   liaclcriologirnl  work  had  cleared 
!<•  of  the  nii«l   etivt  loping   tnettibfrN  in   the 
'         It     ini(;lil     lie    faid     llwi.l      ihi'V     wore 

'  piv  iinpri"i*'cd   not   only  with   the  facililioK 

for    rcM^nrrh    and    lh«^    texenrch    ncliiHlly     in 

'     ■      '    .   with   the   human   viiliie  of 

and    with   I  he    fact    that    in 
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these  commercial  days  men  and  women  were 
found  who  devoted  their  lives  to  Scientific 
investigation  laigelv  for  the  love  of  science. 
The  South  Afiican  Institute  of  Medical 
Research  was  worthy  of  support  by  all  citi- 
zens of  the  country  and  worthy  of  endow- 
ment espedally  bv  tho'--e  who  had  acquired 
their  wealtli   out    of   its    natui'al    lesourcfes. 


Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY 

TiiK  C'or.oitiMKTuic  AIktuod  ok  Drtkumimng 
Hvi)iu)(;k.\     Ion    Conck.ntkation  :      Somk    Aim'I.i- 

(AllONS         IN         TIIK      AN.M.YTKAI,      liAUOl!  ATOH  Y.— 

HilluMto  ill  tlu'  litorntuic  of  analytical  clu'iiiis- 
try  tho  tfinis  "acidity"  and  "alkalinity"  have 
in  ".'cncial  1)0(mi  very  loosely  ciiiployccl.  "Aciility" 
or  "alkalinity"  liavc  tisually  been  (leterniincl 
by  titration  and  exjircssod  in  one  of  two  ways; 
(<i)  as  tbe  number  of  c.c.  of  standard  acid 
or  alkali  required  1)y  a  f>;iven  weight  of 
till'  substance  in  order  to  render  it  neutral 
to  some  indicator;  (/<)  as  tlie  per'-'Mit- 
ati;e  of  some  acid  or  alkali  to  wliic-h  the  acidity 
or  alj<aiiiiity  is  ascribcil,  in  some  cases  quite 
ai'bitrarily.  If  we  refjuire  to  find  tbe  per- 
centa<ie  of  a  sini^le  acid  or  alkali  which  we 
know  to  be  jjresent,  tbere  is  no  objection  to 
the  titration  method,  but  in  many  cases  the 
important  jioiiit  is  not  the  total  percentage 
of  acid  or  alkali  pi'eseut.  but  the  number  of 
hydrogen    or    liydioxyl    ions    present. 

llydrog(>ii  ion  concentration  rather  than 
the  amount  of  acid  jiresent  is  tbe  imjiortant 
factor  in  the  curdling  of  milk,  the  ])i-eci;i'ta- 
tion  of  proteins,  the  li\(lrolysis  of  sugars,  antl 
processes  of  digestion  or  fermentation,  to  take 
only  a  few  instances.  The  majority  of  bac- 
teria, yeasts,  etc.,  have  a  range  of  hydiogen 
ion  concentration  at  which  theii'  growth  is  at 
a  maximum,  and  for  this  reason  this  factor  is 
of  the  greatest  imf)ortauce  in  the  case  of  bac- 
teriological media  aiul  in  biological  processes 
generally. 

The  com|)lele  jjrecipitation  of  metals  as  their 
sulj)lii(les  in  inoiganic  analysis  is  (le|)endent 
on  tbe  hydrogen  ion  c-oncenti  at  ion  of  th(>  solu- 
tion, as  is  also  the  corrosion  of  metals  by 
mine     water.  If     "acidity"     or     "aikalinitv" 

were  expressed  in  terms  of  the  hydrogen  ion 
concentration  of  a  solution  <if  known  strength 
this  would  mei'ely  involve  tbe  use  of  a  number 
without  reference  to  any  i)articular  indicator, 
acid    or   alkali. 

Owing  to  tbe  work  carried  out  in  recent 
years  the  accurate-  determination  of  hydrogen 
ion  concentration  is  now  a  comparatively 
simple  nuitter.  If  only  reasonable  accuracy  is 
repiired  deteniduations  can  be  carried  out  as 
a  routine  test  in  any  laboratoiy  not  involving 
any  sjiecial   apjiaratus  or  skill. 

^lettiitd  of  K.r])i  esxiiui  J{ iid nxien  ion  f'on- 
crufnition.- — Dr.  Monier  Williams  (.1  »u// vs/, 
1921.  315),  ha.s  dealt  with  the  theoretical  con- 
siderations invob'ed.  'J"he  symbol  P",  or  p",  by 
which  hydrogen    ion   concentration   is  expressed, 


indicates  the  logarithm  of  the  reciprocal  of 
the  concentration  of  hydrogen  ions  in  terms 
of  noruud — cjj.^  Pii  =  2.  the  hydrogen  ion  con- 
centration is  ISxlO--,  or  onc-hniidredth  nor- 
mal; when  1*11  r^ 3,  one  thousandth  normal,  and 
so  on.  At  the  point  of  absolute  neutrality, 
i.e.,  for  pure  water — Pii-7.  M'hcn  V»  is 
less  than  7  the  liQuid  is  acid,  and  irhrn  ]'»  is 
(jreater  t]ian  7   the   liquid  is  alkaline. 

The  Colorimetric  or  Indicator  Method. — Tins 
hiethod.  though  sufficiently  acc\irate  for  ordin- 
ary purposes,  is  not  capable  of  as  great  accur'- 
acy  as  the  electronu>t ric  method.  It  re(iuires. 
however,  no  sjiecial  a|)parntus,  and  a  largo 
nunibei-  of  deternunations  can  be  cai-ii<>d  out 
at  the  same  time.  It  is  inapplicable  to  vei-y 
tlaik  solutions,  though  it  may  be  used  for 
coloured  .solutions  if  the  colour  is  not  too  deep. 
It  may  be  used  w  ith  success  with  turbid  litjuids 
such    as   nulk 

'i'he  colorimetric  method  depends  on  the  fact 
that  with  every  indicator  the  colour  change 
extends  over  a  charactei-islic  /.one  of  hvdrogen 
ion  concentration,  the  total  chaiig(>  of  c jh^ur 
occurring  inside  a  rangi>  of  about  1  8 
uiuts  of  Ph  ;  if,  therefore,  the  hydrogen 
ion  conc-entration  of  an  unknown  liquid  lies 
within  the  I'ange  of  a  certain  indicator,  we 
can  dete'rnnne  th<^  i'actor  with  accuracy  if  we 
can  find  a  solution  of  l<no\\n  hydrogen  ion 
concentration  which  gives  the  same  shade  of 
colour  with  the  indicator.  The  two  essentials 
for  this  method  are,  therefore:  (a)  A  complete 
series  of  indicators  with  well-lnai'ked  colour 
changes  which  will  cov(>r  a  wide  range  of  hy- 
drogen ion  concentration  :  (li)  solutions  of 
known  hydrogen  ion  conc?ntrat:on  which 
are  easily  i)repared  and  stab'e.  By  the 
use  of  some  of  the  recently  syuthesised 
indicators  of  the  ))hthalein  series,  together 
witii  methyl  red,  we  can  fidtil  tlu'  first 
requirenient.  As  the  accomi)an  ving  chart 
shows,  these  indicators  show  brilliant  and 
l)erinanent  colour  changes  over  a  range  ol 
I'll  1  to  Pii  =  ll.  If  we  have  a  solution  of 
unknown  hydi'ogen  ion  conccuitration.  and  we 
test  it  with  various  indicators  until  one  is 
found  to  give  a  shade  of  colour  intermediate 
l)etween  its  extreme  shades,  we  can  then  find 
a  solution  of  known  hydrogen  ion  concentration 
which  gives  tbe  sanu^  shade  of  colour  with  tlie 
same    amount     of    indicator. 

Solutions  of  Known  II  iidroi/cn  Jon  Conccn- 
Intlion.  —  It  is  not  jio^silile  for  this  pur])().se 
to  use  solutions  of  acids  or  ali<ali  of  known 
strength  on  account  of  tbe  suscei)tibility  of 
such  solutions  to  changes  of  hydrogen  ion  con- 
centration from  accidental  causes,  such  as  the 
alkalinity  of  tbe  glass,  etc..  but  this  difficulty 
may  be  overcome  by  intioducing  certain  salts, 
such  as  ))hosphates.  b  )iates,  etc.,  which  have 
a  "buffer"  action,  ;'.(•.,  which  hav(>  tbe  )iro- 
|)erty.  when  in  solution,  of  causing  the  hvdro- 
gen ion  concentration  to  be  onlij  .sli(ilitlii 
afiected  by  thcf  addition  of  moderate  anu)unts 
of  acids  or  alkali.'  For  ordinarv  purposes  the 
following  four  solutions,  together  with  j^ 
hydrochloiic  acid  and  ,  (j  sodium  hydroxide, 
are  all  that  are  i-e(|uiieil.  Hy  taking  (l(>fiiute 
volumes  of  any  of  these  solutions,  with  different 
vohnnes  of  "^  hydrochloric  acid  or  f^  .sodium 
hydroxide,  solutions  of  practically  any  P» 
ie(|uired    may   be   obtained. 
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1.  Standard  (M/lo)  potassium  dihydrogen 
phosphate  solution  is  prepared  by  dissolving 
9.078  grms.  pure  potassium  dihydrogen  phos- 
phate (KH.POj)  in  l.tKtO  c.c.  water. 

2.  Standard  (M  15)  sodium  phosphate  solu- 
tion is  prepared  bv  dissolving  2:3.87  grms.  pure 
sodium  phosphate"  (Na^HPO^,  12H,0)  in  1,000 
c.e.  water.  All  t-ffloresc-ed  crystals,  which  do 
not  fontain    12H.,0.    must   be   picked   out. 

The  last  two  solutions  are  used  in  combina- 
tion. 

Phofphatf   Standards. 


M/i3  Xii^Hl'u* 

M,15  KHjPO^ 

i'a 

Solution. 

C.c 

C.c 

0.0 

10.0 

4  49 

0.1 

9.9 

4.9  i 

U.25 

9.75 

5.29 

0.5 

9.5 

5.59 

1.0 

9.0 

5.91 

2.0 

HO 

6.24 

3.0 

7.0 

6.47 

4.0 

HO 

6.64 

5.0 

5.0 

6.81 

6.0 

4.0 

6.98 

7.0 

3.0 

7.17 

8.0 

2.0 

7.38 

9.0 

1.0 

7.73 

9..", 

0.5 

h.04 

9  75 

0.25 

.S.3; 

99 

0.1 

8.68 

lO.i 

li  ri 

rM»< 

The  following  solutions  are  required  :  — 

~  sodium  hydroxide  solution  (free  from  car- 
bonate).— One  hundred  grms.  of  pure  sodium 
hydroxide  are  dissolved  in  100  c.c.  water  in  a 
flask  covered  with  tin-foil,  and  allowed  to  stand 
overnight  for  t^e  carbonate  to  settle.  The 
solution  is  then  filtered  quickly  with  the  aid 
of  the  pump  through  a  hardened  filter.  Ten 
c.c.  are  diluted  to  about  |:  strength  with 
distilled  water  free  from  carbon  dioxide,  stan- 
dardised to  pbeiiolphthalein.  and  diluted  to  f^ 
strength.  This  solution  is  stored  in  a  bottle 
coated  with  paraffin  wax  and  connected  by  a 
glass  tube  with  a  burette.  Tne  bottle  and  the 
burette  have  side-tubes  joined  to  soda-lime 
tubes  to  prevent  the  entrance  of  carbon 
dioxide. 

Y^      Hydrochloric  Acid. — The  ordinary  labor- 
atory solution  may  be  used. 

The  above  solutions,  with  the  exception  of 
the  ^  sodium  hydroxide,  are  kept  in  well- 
stoppered  resistant  glass  reagent  bottles.  The 
only  other  apparatus  required  consists  of 
burettes,  graduated  pipettes,  suitable  dropping 
bottles  for  the  indicators,  and  racks  for  the 
test-tubes. 

Indicator  Solutions. — The  following  table 
shows  a  complete  series  of  indicators  which 
may  be  used  for  solutions  from  Pn  =  l  to 
Ph=11.  These  indicators  are  now  readily 
obtainable    on    the    market. 


Thjrnioi  Blue... 

Br>.«rji. phenol  blu** 
M»-thyl  r»!<l     . 
Hr"^iii-<Te«ol  piirpl»? 
Brr.>tn-thymol  bluv 
Phenol  r»-«i 
Thymolphthal' 


Stren^h  of  Solution. 


Range  of  Ph 


per  cent. 

(i.Oi  in  wat<'r 

i)M*     ..     .. 
0.(>2  in  5<t  iHT.fi 
O.ol  iu  wattT 
O.Ol     „     .. 
0.O2     .,     ,. 
uni  ill  jilcoli.. 


(  1.2  to 

2.H   (pink  lovel.) 

)  8.0  to 

9.6   i.VL'l.  to  liliic) 

2.8  to 

4.66 

t    alcohol 

4.4  to 

6.0 

5.2  to 

6.8 

6.0  to 

7.6 

O.S  to 

8.4 

lo.d  to 

11.(1 

ilf'tn    lb>ni«l-bliir  I*  Clir  lir>l  <if  all  iii<lirfil<ir» 

.M»:TlfOlt   or    DlTTKRMINATiON 

1.  F'fr       rlrnr       or       turhul       limud*       frrr 

fntm        rnhtur  — Th«»        kolution        t'»        Ix"        t<"»«t«"<l 

.UH     mi  until     one 

,      ••*     a     t  rij{     tM'twffn 

«»l      <tilour.        'l«'n     c.c.     «>f     lh«* 
then      run      into     n     clean    t«'Ht 
with     neutral     diHtillcHl     m.i><  i 
ftr«>   or    nxntf   drop*   of    the    Midicnt4ir    tmlu- 
■  r<;    addf'I        With    n    iittU-    prit<-tic<'    it    m 
•  rn  th«'  »h»«le  of  (<i'  '  ' 

,.•   )k       \i   t>i«-   I'll   I 


it«     ••xtrffnt-H 
wilution      nr<- 


tuki- 
•n<J 
tion 


h<<l 


I  »*t\f 


n>< 

If   th«' 

IK'' 

■  r  tiiln-  of  ,1    i.ii.  i.  11.    J'"  «.■..■■ 

H 

'   All  <'«a<'t   mulch   i«  ohtaincfl 

2     1 

■    f          ■      -Kor    »I 

tb«-    |. 

■  n  •«  A 

to    nwt*\ 

It 

ioi'fttaU     <>(      A     cubliAi      U<M  k     o 

for  ili-limii-  tf»t  of  triio  iioiitiHliuitioii   mine  whIlth,  \r  ) 

w<)(m1  .'))in.  side,  with  four  holes  bored  verti- 
cally to  hold  four  test-tubes.  Two  holes  are 
hImj  bored  horizontally  coni|)letcly  tlinnigli  thi.' 
bhxk,  mi  that  it  is  possibl.-  tii  look  through 
two  pairs  of  test-tubes  siniultaiiiMiusly.  In  hole 
No.  I  in  placfd  the  IuIk*  contaiiiiiig  111  c.c. 
of  the  solution  to  Ih;  tested,  and  five  drops  of 
iiiiliiHtor,  Hole  No.  2,  bi'hiiHl  this,  holds  a 
IuIm-  contniiiiiiK  Id  c.c.  of  iliVtillid  water. 
Ill  .No,  M  »!•  huve  the  tnlM<  contaiiniig  id  c.r 
of  the  standaid  solution  with  five  drops  ot 
iiidicMior,  and  behind  this,  m  No.  l,  is  u 
tiilx-  i-ontaiiiiii((  III  c.c.  of  the  coioim-d  solii 
tion  III  thin  way  the  ••ojoiir  is  coiiiiu-iisatcil 
iind  we  cnii  compare  the  shades  <»|  colour 
without  iiilet  tcreiice  from  tin-  colour  of  tlie 
Miliition.  If  the  colour  of  the  solution  is  vi-rv 
dnrk.  it  mny  not  ho  possible  to  ilisliii({iiis|i  the 
lojoiir  of  the  indiciittii .  iind  icioiirsf  must  In* 
had  to  the  electrotiietric  met  hod.  Wln-ii*  a 
large  iiiiinlH-r  of  deterniinutions  bus  to  be 
made    il    la    convvniant    to    have    racks    hohlin^ 
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test-tubes  coiitaiuiiip;  a  series  of  .standard  solu- 
tions witii  the  indicator,  so  that  the  tubes  can 
be  easily  picked  out  for  conii)arison  and  re- 
placed. In  this  way  a  large  number  of  solu- 
tion.s  can  be  dealt  with  iu  a  very  short  time. 
With  practice  it  is  iiiiite  easy  to  fjet  a  suffi- 
ciently exact  idea  of  the'  Ph  value  of  u  solution 
fiy  merely  addiny  the  indicator  irithoui  the  use 
of  standard  solutions,  and  in  many  cases  this 
iKiiy   he   oil   that   is   rei/uired . 

Thk  Dktkhmination  ok  Aciuity  ok  Ai.k.\i,inity 
OF  CoMMKiK  i.\L  Ahtici.ks. — Tlic  method  is  very 
u.'^eiul  where  a  iar^e  number  of  samples  have 
to  be  compared  for  ac-idity.  such  as  gelatin. 
flour,  starches^  milk.  suli)hur.  and  many 
others.      For   merely    comparative    purposes    all 


that  may  be  necessary  is  to  add  the  indicator 
to  a  susjiension  or  solution  of  known  strength 
and  compare  the  colours  without  determining 
the   actual    P"    value. 

Fine  Chr'iiicals. — Every  pure  salt  when  in  a 
solution  of  definite  concentration  should  give 
a  .solution  of  definite  P"  value.  The  method 
may  therefore  be  used  as  an  indication  of  the 
purity  of  .salts  and  of  the  tuescnce  of  an  excess 
of  the  free  acid  or  ba.se.  Where  a  strong  acid 
is  combined  with  a  strong  base  the  Pn  of  the 
.solution  should  be  about  7.  If  the  base  is 
stroimer  than  the  aci<l  the  P"  of  the  solution 
will   be   greater  than   7,    and    if   vice   versa,   the 


I'll    will    be    le.ss   than    7. — Norsi.an 
Analyst,   page  393,   October.    1921. 


P.  VERS, 

(J.M.) 


The 


INDICATORS. 
Ph  Values. 


1.0 

2.0 

3.0 

4.0          5.0            6() 

7.0 

8.0 

9.0 

10.0 

11.0 

Thymol  blue 

Fink 

Orange 

Yellow 

"~      i      ^            —      j 

— 

Yellow  !  Greenish- Hliu' 

— 

Brom-phenol     blue 

— 

— 

1 
Yel-  Green-  Blue-                — 
low       ish       Violet 

1 

—            — 

— 

—  ' 

Methyl  red 

— 

— 

— 

Pink  Orange  Yellow 

1 

— 

— 

Brom-cresol  purjile 

— 

•- 

— 

—       Yellow  Green- 
ish 

Purple 

1 

— 

— 

Brom-thymol    Vilue 

— 

— 

— 

—            —        Yellow 

Green 

Blue   '      — 

— 

Phenol  red 

— 

— 

_            _            — 

Yellow 

Orange  Red 

— 

— 

I'henolptbalein     ... 

— 

— 

—            —            — 

Colour- 
less 

Pink 

— 

Thymolpthalein    ... 





_            _            _ 

-_— 

" 

Colour- 
less 

Blue 

N 
10 


N 
10* 


N 

103 


N 


N 


N 


N 


10*         10^  10®  10'' 

Hydroqbn  Ion  Concentration. 

"5 


N 
10" 


N 
10» 


N 
10'° 


N 
10'' 


Acid 


S5 


Alkaline 


St.mm.f.ss  Stkki.. —  In  stainless  steel  has  been 
found  a  variety  which  ordinarily  will  not  rust, 
but  there  are  qualities  in  it  which  have  so  far 
prevented  its  use  for  general  purjioses,  and  even 
in  the  special  uses  to  which  it  is  put  the  cle- 
mont  of  cost  is  extremely  high  compared  with 
that  of  even  the  most  expensive  engineering 
steels.  Its  tliscovery  was  in  fac-t  due  to  expeii- 
nu-nts  for  a  military  purpose,  viz.,  to  find  a 
substance  resistant  to  the  erosive  action  of 
ga.ses  in  a  gun  tube.  The  experiments  were 
con<luctcd  only  two  or  three  years  before  the 
war  at  the  works  of  Thomas  Firth  and  Sons. 
Ltd..  of  Sheffield,  and.  like  a  few  other  im- 
portant exjieriments,  led  to  the  discovery  of 
something  other  than  had  been  .sought.  Of  the 
various  alloys  tried  by  the  firm  one  was  found 
to  oHei'  a  marked  resistance  to  rusting  and 
staininii  of  anv  kind,  aiul  it  is  this  alloy  to 
which  is  now  given  the  name  of  stainless  steel, 
its  composition  b«'intr  0.2.>",,  to  ().3o''o  carbon. 
0.10  to  0..50  silicon.  (1.20  to  0.40  manganese,  and 
12  to  14  chromium.  The  Enyineer,  in  order 
to  collate  information  regarding  the  alloy,  ad- 
■flrosscd   a    mimber   of   fiinis   interested,   or   likelv 


to  he  interested  in  it,  and  tabulates  the  replies 
received  under  the  heads  of  (<i)  objections  ex- 
pressed to  stainless  steel,  and  (h)  some  uses  of 
stainless  steel.  I  luler  the  head  of  objections  we 
have  the  following:  (1)  In  the  manufacture  of 
pipes  and  tubes  the  difficulty  was  found  to  lie 
in  its  welding.  The  reporting  firm  .stated  that 
towards  the  end  of  the  war  it  had  two  sanii)les 
of  tube  rolletl  from  staiidess  steel,  but  could  do 
very  little  with  them.  (2)  Next  we  have  a 
report  on  springs  nnidc  of  stainless  steel.  It 
is  to  the  effect  that  with  small  springs  to 
work  in  temperatures  up  to  1 ,()()()°  F..  if  the 
springs  are  very  carefidly  made  and  heat- 
treated  they  act  much  better  than  carbon  or 
other  alloy  steel.  There  is,  however,  a  difficulty 
in  reducing  the  wires  to  a  fine  size,  when  re- 
(luired.  such  as  1-lGth  or  l-.32nd  of  an  inch  in 
diameter.  Further,    the    heat    treatment    is 

liable  to  sjjoil  the  j)roj)erties  of  the  steel,  and 
it  is  difficult  to  re-polish  small  springs  which 
is  a  necessary  operation  in  preserving  the  pro- 
perty of  staiidessness.  (3)  A  firm  manufactui- 
ing  centrifugal  pumps  has  found  that  there  is 
a  liability  for  high  speed  .shafts  to  seize  in  the 
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bearings;  its  surfac-e  is  somewhat  crystalline 
and  the  metal  cannot  be  ground  to  the  same 
smoothness  as  ordinary  steels.  (4)  It  is  reported 
ao^ain  that  the  metal  is  too  hard  for  such  pur- 
pr>se5  as  pi.stons  and  piston  rings.  The  alloy 
has  been  tried  in  other  directions  but  given 
up.  sometimes  for  its  high  cost,  sometimes  be- 
cause other  alloys  have  proved  practically  of 
equal  value. 

Turning  next  to  opinions  in  favour  of  stain- 
less .steel,  we  find  that:  (1)  It  is  valuable  when 
used  ip  inlet  valves  of  aero  engines,  mainly 
becau.se  of  its  high  chromium  content.  (2)  Its 
stainless  property  has  l>een  found  valuable  in 
the  manufacture  of  surgical  instruments.  (3) 
In  the  blades  of  turbines  it  has  been  found 
useful  for  a  few  reasons.  In  one  case  sample 
blades  to  be  .sent  abroad  are  made  of  this 
material  because  they  can  be  trusted  to  remain 
stainless.  Then,  one  firm  reports  that  it  has 
found  blades  f»f  this  material  satisfactory  with 
steam  at  3o01bs.  pressure  and  a  temperature 
of  'CKP  to  7ntP  F.  In  the  matter  of  drawing 
instruments,  one  firm  states  that  it  is  em- 
ploying stainless  steel  for  pen  points  and  for 
the  sprin<»s  of  centre  screw  spring  bowls;  and 
another  firm  that  it  u.ses  it  for  the  scales  of 
small  vernier  callipers  and  are  about  to  make 
the  ordinar>"  type  of  spring  calliper  entirely  in  < 
rtainle^s  steel ;  al.sr»  that  it  is  contemplating  I 
it.s  employment  in  a  tew  other  directions.  In 
connection  with  punifHng  machinery,  it  is  re- 
ported that  the  alloy  is  satisfactory  as  shafts 
of  pliippers.  and  that  notwithstanding  its  hieh 
prire  it  is  the  <heapest  in  the  long  run ;  its 
re«i.stapc«»  to  r-«>rrosion  is  at  lea.st  as  goo<1  as  ' 
that  of  bronze,  it  is  stronger,  and  by  virtue 
of  it%  greater  hardness,  it  wears  l»etter.  A 
*omr-wbat  x-nnrkable  dirc<-tion  in  which  it  is 
largely  utili^'d.  though  apparently  aeainst  its 
natural  |>ro(>ertie«.  is  in  tho  manufacture  of 
wire  and  wire  rope^.  It  is  >aid  that  at  lea.st 
thre*'  niakcr.H  have  sucf-eeded  in  drawing  fine 
wire,  in  one  (nM»  a«  fine  ns  gauge  No.  2H.  The 
frtn  of  ftrunton,  M«»is<dbur«'h.  savs  it  has  in 
hand  ordern  to  a  ronsiilerable  extent  for  wire 
rope*  in  .•'''  and  tyr»es.  and  with  strengths 

rnfivinff  f  i,«     to    ISfilbs.    per  *"|uare   inch. 

T»-  .t«l«'    bv    ihiit   firm    bv    immersinu   a     i 

•ti.  I    %iro    rof»o    in    wilt    water    for    a     I 

piimti«»r  o«  hour*  ovpr  a  KU«feJ'«if»n  of  davs. 
allomnfr  it  tfi  rjrv  Iwtween  each  immersion. 
the  re»ult  being  that  no  pittim;  whatever  to<)k 
plare.  A»  a  te«t  againkt  ordinary  hteel  wire 
rop«.  a  iiample  ol  each  wait  exp'xa-d  to  the  at- 
fr-'       '  for     f"  di.v*.     at     the     end     of 

wh  '■  it  wci  'bat   thriugh  the  ordin- 

»rv   J  •).   the  oni*  of  Htain- 

le««  It     a     "ifHH-k.         F'or 

'•f''  'in.    m'Mt    enroiiruginu    ref»*)rt<« 

h;i ,  ••«l       <»nf    firm    u    uning    it    to 

repln'^  pri*m4  nnd  kilverrd  mirrom,  a*  it  i» 
lonml  to  .1...  :.-....  .i  ..  ,  .. —  „f  pnrallelium 
•imI   the   I  .il«-d   with   7ln«n. 

h'^Kl'*^     •<•'  'I  •  th" 

r>l«tt>iir<<  rif   " 
It 
I.'. 


M«ing 
ti.J    1.1,  'iitrtntm,  nag* 
(A  A  W  ) 


iUtt-%  K«TiW4Tio^  or  Kii.riiiH  i««  ('n*i.. — 
T«»t%l  xilpbiir  III  «••!»!  Ill  i\  \m'  rmitdly  i|et«T- 
minrtl  in  ♦'■-  ''Mowing  •  ■  -••  Oih>  frainme 
of    th«  •■    ia    ir  'iii«e<|    in    • 

porr«|«in    'r'i'i'»le    with     n«'»    granime*    ntp\H<* 


oxide  and  one  gramme  anhydrous  sodium  car- 
bonate. The  crucible  is  placed  in  a  hole  in  an 
asbestos  pad  and  heated  with  a  bunsen  burner; 
if  stirred  occasionally,  the  action  is  complet^ 
in  about  two  hours.  When  cool  the  crucible  is 
transferred  to  a  large  beaker  and  moistened 
with  bromine  water  to  oxidi.'^e  any  sulphites  to 
sulphates ;  the  residue  is  then  treated  with 
hydrochloric  acid  and  bromine  water,  heated 
to  effect  solution,  and  finally  to  expel  bromine, 
filtered,  and  the  sulphur  estimated  in  the  fil- 
trate in  the  usual  wav. — li\d.  Aua.  and  Min 
Stand.,   September  8,   1921.    page   4o5.    (CLG."* 

Thk  Lime  Reoviremknts  of  Some  South 
Afric.\n  Soils. — The  term  "  soil  acidity  "  and 
•'  lime  requirement  "  are  seldom  interchange- 
able, for  the  "  lime  requirement  "  is  affected  by 
the  physical  condition  of  the  .soil  and  the  ab- 
sence of  bases  as  well  as  by  free  acids,  whereas 
"  soil  acidity,"  more  strictly  speaking,  should 
be  measured  only  by  the  hydrogen-ion  concen- 
tration. 

The  term  "  lime  requirement."  when  applied 
to  soils,  is  usually  expiessed  in  pounds  of  car- 
bonate of  lime  per  acre  of  soil  nine  inches  deep, 
calculated  on  tho  basis  of  2.500.00()lbs. 

Summary   of   Lime   Requirements   of    127    South 
African  Soils. 

Total  soils. 

Alkaline    62 

Less     than     l,0001bs.     CaCO^     required 

per  acre 21 

l.ODllbs.    to    2,000lbs.    CaCOj    required 

per   acre    13 

2,001  lbs.    to    3,0<K)lbs.     CaCOj     required 

per   acre    1  o 

3,001  lb.s.    to    4,0(K)lbs.    CaCO^    required 

per   acre    -! 

4,001  lbs.    to    5,0f>0lbs.    CaCOj    required 

|ier   acre    3 

S.fKlllbs.     to    G,fKK)lbs.     CaCO,     required 

per   acre     'A 

6.001  lbs.     to    T.OOOIbs.    CaCOj    retjuired 

per   acre    2 

Above    W.OTlO   CaCO.^    required    per    a.'-re        I 

Total    127 

The  Veitch  Lime  Heqiiircment  Test  consi.sts 
of  taking  several  12-grii's.  jiorlions  of  the  soil 
and  digesting  with  varying  known  volumes  of 
jinie  water  diliite«l  with  distilled  water,  till 
there  in  obtiiiiu-d  a  tost  which  finally  indicates 
alkaline   to   |ih<iinl-p|itli.ileiii. 

The  total  liiiic  rontaiiM-d  in  the  soil  as  found 
by  li vdro<'bl(iri<-  iiciil  cxti  net  nui  bus  no  bearing 
on    tho    "  linii-    if'|iiin-nietit  "    nf    the    soil. 

A  iiiimlMT  cif  imps  can  Im-  more  Mici'i-ssfullv 
grown  on  HiiilN  nf  high  "  lime  ri-quircmeiit 
than  on  soiU  which  have  received  the  rirpiiifd 
lime.  TheH4>  are:  innirx>,  ryo,  ohIn,  Irish  pota- 
toes, iiweet  p'ltatocK,  cow  fieas,  v«'lvel  beanH, 
carrot*,    flux    mid   all    iK-rrii's. 

A>M)iit  !I3  ,  of  our  "oild  are  dificient  in  j)hon- 
p|iat<'N,  ntid  until  thin  ileflri<>ncv  ii  remedied 
liming    will    not    piiv       Tiiom^n    I)     IIai.i..    It, A  . 

M   Sr    ,     .hoillllll    lif    ,S'/(l(^/l     .l//(rifl     /t  ilJIllM'l/liiri     III 

A""hitii  III      i'hrmitli,      .liilv,       1921,      nai'n      3 
(U  D.ll.i 

Tnr  ('omiowtoN  or  Iiiov  wu  Htvvx.  A  viilii- 
nble  pu|M-r  on  \\\v  hImivc.  with  niieciaj  releii'iicu 
t<»  reinforced   c<»ncretr,    i«  published    m   VoIipimi 
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IX.  of  the  Concrete  Institute,  the  author  being 
J.   N.  Fkif.xd. 

Corrosion  was  known  nearly  2. (XX)  years  ago 
to  Pliny,  who  waxes  eloquent  on  the  subject  of 
rust.  At  the  present  day  the  subject  demands 
thorough  scientific  study. 

The  conditions  es.sential  to  corrosion  arc  now 
fairly  well  known.  Air-free  water  alono  is 
without  appreciable  action  upon  iron  at  ordin- 
ary temperatures.  Water  vapour  the  same. 
Dry  air  or  dry  oxygen  the  .same ;  but  when  the 
temperature  is  raised  to  220°  C.  iron  acquires 
in  this  contact  a  pale-yellow  tint,  and  at  higher 
temperatures  passes  through  the  range  of 
tempering  colours,  caused  by  this  superficial 
layers  of  oxide.  This  oxide  is  not  produced 
by  similar  heating  in  vacuo,  but  occurs  in  con- 
tact only,  even  if  the  air  is  perfectly  dry.  These 
layers  of  oxide  differ  materially  from  rust,  and 
tend  to  protect  the  metal  below. 

A  mixture  of  water  vapour  and  air  is  with- 
out action  on  iron  at  ordinary  temperature 
provided  no  liquid  water  is  allowed  to  condense 
on  the  metallic  surface.  If  condensation  oc- 
curs throueh  fluctuations  of  temperature,  cor- 
rosion readily  occurs.  This  disposes  of  the  pos- 
sibility that  rusting  is  a  simple  case  of  direct 
oxidation  such  as  occurs  when  the  metal  is 
heated  in  air. 

It  is  clear  that  oxygen  and  liquid  water  are 
essential  to  corro.sion.  The  paper  proceeds  to 
deal  with  the  chemical  nature  of  rust,  and 
states  it  to  be  essentially  hydrated  ferric  oxide, 
afcrravated  bv  impurities  contained  in  the  air. 
The  preat  danger  in  reinforced  concrete  is 
the  expansion  of  iron  in  rusting.  Cracks  in 
the  protective  covering  are  inevitable,  admit- 
ting more  and  more  air  and  water  to  add  to 
corrosion. 

Sea-water  at  ordinary  temperatures  is  con- 
siderably more  corrosive  than  fresh  water  at 
temperatures  below  58.4°  F.,  but  less  corrosive 
above  this  temperature.  The  practical  import- 
ance of  this  is,  that  in  warm  .seas,  the  salt 
water  is  less  destructive  than  fresh ;  while  in 
cold  seas,  the  contrary  is  the  case. 

The  effect  of  alkalies  upon  corrosion  is  then 
discussed,  and  the  practical  results  on  boilers 
of  weak  alkaline  feed-water  as  likely  to  pro- 
duce serious  trouble  insisted  upon. — J.  N. 
FiiiKxn,  Ind.  En<iiueerinQ.  page  36.  September 
3,    1921.     ^J..\.W  ) 

Thk  H.andmxg  of  FrsiONS  in  Pl.xtinum 
CRrciiii.KS. — "When  fusions  are  performed  in 
large  dishes  no  particular  trouble  is  experienced 
in  dissolvinu  the  fused  mass,  but  if  done  in 
deep  crucibles  it  is  better  to  first  empty  them. 
Many  devices  have  been  propo.sed.  but  they 
generally  only  succeed  with  new  crucibles,  and 
are  apt  to  spoil  them  in  the  long  run.  The 
author  now  operates  as  follows :  As  soon  as 
tho  fusion  is  completed  the  coiled  end  of  a 
platinum  wire  is  put  into  the  ma.ss.  whi.h  is 
then  allowed  to  cool.  The  platinum  wire  is 
about  10  cm.  long,  and  ends  in  a  loop,  so  that 
it  may  be  suspended  from  n  book.  When  sus- 
pended, the  crucible  is  brougTit  at  about  half 
an  iiu-h  distance  fiom  n  pipe  clay  triangle,  and 
♦.hen  suddenlv  beat«-d.  In  a  few  .seconds  the 
crucible  will  detach  it,self  and  «lrop  into  the 
triantile.  whilst  its  contei.*-  stuk  to  the  wire. 
The  small  quantity  of  saits  still  adherinp  to 
tlio    crucible    mav,    of    course,    be    removecT  bv 


I  suitable  means.  The  wire  is  now  hung  into  A 
heaker  filled  with  water  or  acid,  when  owing  to 
the  salts  being  on  the  top  of  the  liquid,  .solu- 
tion takes  place  with  great  rapidity.— L.  L. 
OF.  KoNiNCK.  Zritsch  f.  nmetc  (.'Item.,  20,  6th 
October,   1921.   page  639.      (C.J.G.) 

Thk  Akt  of  Lime  Bcrning. — Each  individual 
lime.stone  requires  its  own  peculiar  heat  treat- 
ment to  produce  a  lime  of  desired  quality.  A 
certain  limestone,  for  example,  may  best  1  e 
hard-burned  slowly  at  low  temperature  for  fur- 
nishing lime  to  a  causticizing  plant.  It  may 
be  light-burned  at  low  tein])erature  for 
building  lime,  and  it  may  best  be  light-burned 
quickly  at  high  temperature  for  lime  to  go  to 
the  hydrating  plant. 

Lime  burning  should  be  conducted  under 
stabili-sed  conditions  of  physical  and  chemical 
control.  The  demands  on  a  modern  lime  kiln 
are  as  follows:  — 

(1)  Continuous  mechanical  feed  of  rock  and 
continuous  mechanical  discharge  of  lime.  When 
lime  is  properly  burnt  it  should  be  immediately 
taken  away,  not  left  to  soak  in  the  heat  and 
gases  for  four  to  six  hours. 

(2)  Positive  control  of  temperature. 

(3)  Positive  control  of  draft. 

(4)  Control  of  burning  period  and  liipe  ilis- 
charge. 

(5)  Control  of  combustion. 

(6)  .Minimum   temperature  of   flue  gases   and 

cool  lime  for  immediate  handling  and  shipment 
as  it  leaves  the  kiln. 

New  kilns  are  now  being  built  to  meet  all 
these    control    conditions.  The    limestone    is 

properly  crushed  and  ted  to  the  kiln  by  special 
loading  incchanism.  The  kiln  is  fired  with 
producer  gas.  temperatures  and  draft  being 
automatically  recorded  by  instruments  and  sub- 
ject to  close  adjustment.  The  lime  discharges 
continuously  tlirough  an  annular  opening  at  the 
bottom  and  is  transported  by  conveyors  to  steel 
bins  which  again  have  mechanical  means  for 
discharging  into  containers. — G.  B-  Woop, 
('liPiii  iind  Met.  EnfjineiTini} :  Paper  presented 
at  Meeting  of  Limf>  As.sociation.  New  York,  bv 
(J.    H.   Wood.  October  12,  1921.     (F.W.) 


EsTiM.xTio.v  OF  Small  Amoints  of  Iron  as 
Thiocyanatf;. — The  colorimetric  method  of  esti- 
mating small  amounts  of  Fe  as  thiocyanate  has 
been  developed  by  R.  Wilstatter,  as  recorded  in 
the  AiiiPiunii  .Joiiriml  ni  Science.  From  1  to  2 
c.c.  of  concentrated  HCI  is  added  for  each  c.c. 
of  solution  holding  the  iron,  followed  by  suf- 
ficient 40  per  cent,  ammonium  thiocyanate  solu- 
tion to  bring  the  bulk  up  to  .50  c.c.  In  this 
way  an  intense  coloration  is  obtained  from 
small  amounts  (0.1-0.02  mg.)  of  iron.  The 
cf)lour  comparisons  must  be  made  promptly, 
because  the  led  gradually  fades  If  iron 
present  in  the  ammonium  thiocyanate  gives  th* 
40%  solution  a  red  colour,  this  may  be  removed 
by  boiling  till  the  red  colour  disajipears,  after 
which  it  does  not  return  upon  cooling. — R. 
Wii.STATTFR.  .\mericnn  .Toiirnol  of  .'Science, 
through  Chemical  Enoineerinn  and  Minimj 
Beview,  September  -5,  1921.     (H.R.A.) 
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MKTALLURGY. 

The  Sep.\r.\tiox  of  Sphalerite.  Silica  and 
Calcite  from  FLroRSFAK. — A  comparison  be- 
tween electrostatic  separation  and  flotation 
results  leads  to  the  c-ondusion  that  flotation 
will  yield  a  slightly  higher-grade  zinc  c-oncen- 
trate  with  a  much  higher  recovery,  but  that  a 
marketable  spar  can  be  obtained  by  flotation 
only  by  sacrificing  a  large  amount  with  the 
silica  and  the  '-alcite  discarded  on  the  tables. 
while  practically  any  grade  of  spar  can  be 
obtained]  electrostatically. 

The  crushing  of  the  ore  to  10-mesh  for  elec- 
trostatic separation  instead  of  to  6o-niesh  for 
flotation   is  greatly   in   favour  of  the  former. 

While  flotation  will  give  a  slightly  higher 
grade  zinc  c-onc-entrate  and  a  greater  recovery, 
this  is  partly  overc-ome  by  a  better  market 
price  for  the  electro.static  concentrate  owing  to 
its   <-oar.ser    condition. 

The  drying  of  the  ore  before  electrostatic 
treatment  is  not  so  difficult  or  expensive  an 
undertaking  as  the  drying  of  both  the  flotation 
concentrate  and  the   tailing  (spar). 

As  there  seems  to  be  considerable  doubt 
among  mining  men  as  to  the  reliability  of 
!■  ••le<-tr<>stati<-ally    in    wet    weathei".     it 

1  that  before  an  «'lectrostatic  instal- 
latioii  I.-,  decided  upon,  a  machine  Im?  tried  <mi 
a    working    scale    uiidei-    all    |)ossible    c<inditions. 

Details  of  the  metlnnls  employed  in  actual 
t«sts.  and  of  the  results  obtained,  are  given 
m  the  original  paper. — J.  (Jkoss.  Tlir  (hrmical 
.l<jr,    page    .518,    October   29.    1021.       (R.A.C.) 

ZiRroNirM  :  "  TnK  Mystery  MfrrAL." — On 
acffjunt  of  various  myst«Tious  properties  and 
'i'»s  that  have  Ix-en  attributed  in  the  popuiai' 
fniiid  to  /irconiuni.  an  invi-sti^'atioii  regarding 
ition  and  usi-s  of  metallic  zirconium 
ifs  has  been  conducted  by  the  I'.S.A. 
liureau  ol  .Mine».  and  the  results  have  just 
'—II    made   public. 

wintered  or  coherent   zirconium   metal   is  very 

-tire  to  aridH.  and  can  be  used  for  electrodes. 

I    containing    zirconium    has    Im'cii    iiroposed 

'iur-|ilatc    and    automobile    parts, 

Mliltii   alloys   have   Im-cii   suggested 

i"i  ■  «•<!   cutting   UhAh  and    for  «-utlery. 

(  •  whil*'    zirconium    metal    may    serve 

It  a  mi  ^Mt  It  lite  for  platinum   in   certain  cases. 

/iri.iiiium    oxide      is     a      valuable    refractory, 

.1    low    co-efHcieiit    of    expansion,     high 

point     and     great     roniMtancc     to    Nlag 

>i.      It    i*    recommendi'd    an   an    abranive, 

■  II   •iiia(|iiiiig  agent   in 

'llltely     llon-poiHOIiolIN, 

III     plactf    of    biHiniith    com- 

!■  I'  fbi-r:ipv     and    it    in  iiImi  Miid 

to     f 

/  te   have   b«H>n    mig- 

"f   iiM-  in   the  extraction  of  oxygen  and 

(,.....   ft,.    Til-       /ircttii  id  found  in  «-on- 

III    iiiniiy    plactMi    in    de|MMiitM 

M'liij    'ii.iiiiegrni ion    of      .  and 

rcM-kn      and     it     nJMi    foiii  abllti- 

l>      Ml  ,    nnd 

'  '•   »n   ri  lie    and 

■  •'     III     <  III      KrnKll      ihe     ore     li 

'  1.     f-Tfi.''  I»    bv     t'liliiltlVi*    llielliodii 

i  be  ol       liw      II  lloliii      of      the 

II'"-  "■  •  %  are   !..  .  ft'illetin    IWl. 

'  of     '/,<  K<ll>eclal 

Iwn  rtiii  .■     I'l    I  iir     \frtMi    .41. <i    tHKii  by    J.     W 


I  Mardeii  and  M.  X.  Rich,  which  is  distributed 
by  the  Superintendent  of  Documents.  Washing- 
ton, D.C.,  2o  cents, — U.S.A.  BruEAr  ok  Mines, 
Tlif  Chemical  Atje.  page  o6l.  November  o.  1921. 
(R.A.C.) 

Leaching  Ikon  Ores  for  PnosPHORrs. — The 
phosphorus  content  of  an  iron  ore  is  a  deter- 
niuruig  factor  as  regards  the  value  of  the  ore 
and  also  its  metallurgical  treatment.  If  some 
method  of  treatment  such  as  concentration, 
leaching,  etc.,  could  be  used,  and  the  phos- 
phorus content  of  the  ore  reduced,  it  would 
be  an  important  advancement  in  the  iron 
miniiii:  industry  towards  the  utilisation  of  high 
phosphorus  ores. 

The  statement  has  been  made  that  iron  ore 
piles  on  long  exi)osure  to  the  atmosphere  often 
decrease  their  phosphorus  content. 

The  author  describes  a  series  of  experiments 
on  the  leaching  of  iron  ores  to  determine  the 
economic  possibility  of  reducing  the  ]>hosphoius 
percentage.  High  phosjiliorus  ores  containing 
(1.2 — 0.12  per  cent.  P  were  agitated  from  two 
to  ten  hours  with  various  solvents.  Tiie  soUonIs 
included  hydrochloric,  nitric  and  snlphuii<' 
acids  of  from  (I. I  to  2.o  pel"  cent.,  sodiuiii 
hydroxide  from  (».2  to  (I.S  per  cent.,  and  2  per 
cent,   citric-  acid  and  ammonium  citrate. 

Two  size.s  of  ore  were  tried.  KKl  and  .{(10 
mesh,  but  since  anything  below  1(10  mesh  is  too 
fine  for  practical  purposes,  results  from  the 
I  finer  product  were  of  only  comparative  value. 
Suipfiniic  acid  proved  to  be  tlic  best  sohciit, 
and  liydrochloric  ac-id  tlic  iioorest.  and  in  all 
cases  the  amount  of  pliosplionis  dissoived  Has 
greater  with  the  higlier  concentrations  of  the 
solvents.  siiDwing  that  ef|iiilil)riimi  was  not 
reached. 
I  Under    identical    i-onditions      tlic      pliosplioiu.i 

extracteij  from  a  brown  ore  was  ncariv  twice 
the   ainoiint    extracti-d    from    C'nyuna    ore 

The-  maximum  extraction  of  plinspliniiis  liv 
leaching  «as  negligible  from  a  coniincK  ial  view- 
[loiiit.  and  the  conclusions  to  be  drawn  are. 
that  while  the  leaching  of  |)hnsp))orus  from  iron 
ores  of  the  types  experimented  with  presents 
niaiiy  points  of  .scientific  interest,  the  metborl 
is  not  commercially  feasible.-  R.  .M.  Winsi.ow 
(U.S.  Bureau  of  Mines:  Reports  of  Investiga- 
tions). Tlip  f'hiiiiicul  .l</c,  page  ol*).  Octnlier 
29.    1921.      (R.A.C.) 

.Miiio.ii.N  I)k\  Ki.or.MKNTs  IN  Non-Kkkhois 
Metai,i.ihc;y.-  The  apprehension  of  the  es.sential 
nature  of  metallic  mixtures  as  coming  within 
the  bounds  of  phyKico-rhemical  laws  governing 
Millll  ions,      with      Its        necessary       cniiioliiitailts 

lieiitiiig  and  cooling  ciirvi>s  and  ei|iiililii  iiiiii  dia- 
graniH  has  opened  up  a  vast  area  of  possibili- 
ticH  of  new  knowledge.  Such  new  knowledge 
iH  now  Nought  not  only  in  univeritity  and  in 
other  reMMircli  lalNuatorieN  of  siniilur  standing, 
but  in  indiiHtrial  and  wurks  liiboral<irieN  in  cIom< 
co-operation    with    unrks    practice. 

Hit  miiigliam  Iiiih  led  the  way  in  ii  mimt 
ijilei  cHt  lllg  ilevelopment  of  the  application  of 
1.1  lence  to  liidllxtiy  III  lOe  enl  iiblisliliien  (  of  a 
>  <>  >i|M-rat  ive  laboialoiy.  Ten  non-fei  i  huh  works 
<  iiiiiliiiied  with  the  objecl  of  ei|iiiiiping  and 
■i.ilfiiig  •iiicli  a  lalioialoiv  an  would  In>  eiiliii>|v 
.i<|ei|iiute  for  then  needii,  and  \eiy  greatly 
I  iiii|H>rior  to  that  financially  ponHible  to  u  kiiig|(< 
firm        Till*    lalNiratorv    doe*    nut    eonfiiHi    ilKcif 
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to  the  purely  metallurgical  side  of  works  prac- 
tice, bvit  concerns  itself  in  tlic  qualities  of  all 
the  materials  used — p.f/.,  oil.  fuel,  refractories, 
and  general  materials ;  as  also  cflicicucy  of 
furnaces,   etc. 

In  no  section  of  non-fcirous  metallurgy  has 
more  inten.sive  .scientific  and  industrial  re- 
search work  been  done  than  in  aluminium  and 
aluminium  iich  alloys.  The  introduction  of 
"Duralumin."  which  contains  c<)i)per,  magne- 
hium  and  silicon  in  addition  to  aluminimum 
l)rol)al)ly  marks  the  earliest  stirrings  of  general 
industrial    interest   in   the   light    alloys. 

A  numhoi-  of  other  alloys  aie  now  being  made 
as  a  result  of  modeiii  researches  carried  out  in 
the  National  Physical  Laboratory  and  else- 
where. 

Several  of  the.se  at  lea.st  deserve  brief  men- 
tion even  in  a  cursory  review  of  the  subject, 
I)articularly  the  N.P.li.  high  tensile  alloy. 
which  consists  of: — - 

Copper  2.0  i)er  cent. 

Zinc 20  per  cent. 

-Manganese        ...     ()..")  per  cent. 

]\Iagnesiuni        ...      O..")  jjcr  cent. 

.Mummium  76.-")  per  <-t'nt. 

After  heat  treatment  the  wrought  alloy  gives 
a  maximum  stiess  value  ol  nearly  10  tons  \)vx 
square   inch. 

Another  closely  siniilai-  alloy  is  that  known 
as  the  .'5/20  alloy,  containing  copper  ',i  per  cent., 
zinc  20.0  per  cent.,  aluminium  77  per  cent. 
This  material  is  not  .so  strong  as  the  N.P.L. 
alloy,   but  does  not   require   heat  treatment. 

A  third  alloy  has  the  ajiproxiniatc  composi- 
tion of  copper  1  per  cent.,  nickel  2  per  cent., 
magnesium  l.o  per  cent.,  aluminium  1)2. ■)  |)or 
cent.  This  alloy  promises  well  as  ottering  ;> 
high  resistance  to  corrosion  ;  it  is  generally 
known    as   the    "Y"    alloy. 

The  foregoing  alloys  are  all  used  as  wrought 
alloys.  The  manufacture  of  nickel  and  nickel 
alloys  has  also  made  considerable  advances 
recently. 

The  copper  rich  nicUel  allovs.  iiotahlv  the 
So/ 15.  S0/2()  and  7o/2."")  alloys.'  all  possess  ap- 
preciable tensile  strength  and  exceptional  dii<- 
tility,  being  very  suitable  for  deep  stamjjings. 
etc.,  and  being  reasonably  hard,  very  tough, 
and  resistant  to  corrosion  an-  suited  to  a 
variety  of  industrial  u.ses.  Nickel  lich  alloys 
are  even  more  valuable,  being  .superior  to  the 
whole  range  of  copper  alloys  in  such  properties 
as  tensile  .strength,  toughness  and  resistance 
to  corrosion. 

Alloys  containing  more  than  oO  ]u>r  cent, 
nickel  show  only  lu'gligibic  loss  after  immersion 
in  foiling  20  per  cent.  suli)buric  or  liydro(  hloric 
aciil    lor  .several   lu)urs. 

'  .Monel"  inetal  has  been  shown  to  be  dis- 
tinctly superior  to  any  known  copjjcr  alloy  at 
pr<.sent  on  the  market  for  use  under  stress  at 
temperatun-s  of  the  older  of  .300°  or  100°('. 
In  the  nickel  binary  alloy  class,  nickel- 
manganese  <ontaining  nbout  10  per  cent,  man- 
ganese has  been  found  valuable  fm  such  « orU 
as    spiirking-pliigs.    Vidvcs.    etc. 

Fn  the  (ieinian  or  nickel-silver  class  alloys 
have  been  developed  suitable  for  'hot-working"' 
in    drop   stampings   aixl    forgings. 

Nickel  chromium  alloys  have  most  valuable 
ncid  and  heat-resisting  |>roperties,  in  addition 
to  being  important  electric-resistance  materials. 


Alloys  of  nickel  and  chromium  containing 
little  more  than  2  or  3  per  cent,  of  iron  ]K)s,sess 
appreciable  tensile  .strength  at  tenipeiatures 
approximating  1.000°  ('.,  and  do  not  .scale.  In 
the  c()])per  and  brass  sections,  the  last  decade 
has  marked  a  distinct  advanc(>  in  .standards  of 
quality,  altiiough  no  outstandingly  new  alloys 
have  been  introduced.  In  sjjite  of  the  excellent 
(pialities  of  aluminimum  bronzes  they  have  suf- 
fered from  the  competition  .of  the  high  tensile 
brasses,  which  are  tlistinctlv  cheaper  and  easier 
to  manufacture.  These  high  tensile  bras.ses, 
based  on  (30  per  cent.  coj)|)er  and  K)  [ler  cent, 
of  zinc,  to  which  are  added  such  metals  as  iron, 
nickel,  manganese,  tin  and  aluniiniuin.  are  of 
great   value. 

Suitable  alloys  for  die  casting  are  being  de- 
veloped ;  up  to  the  pre.sent  zinc  rich  alloys  have 
mainly  occupied  this  field,  but  attempts  are 
now  being  made  to  develo))  alloys  of  grc^atei 
tensile  strength.. 

In  the  ])roduction  of  non-ferrous  metals  no 
levolutionaiy  develoiiment  can  be  recortled  ;  the 
older  coke-fired  pit  type  of  crucible  furnace, 
with  ('(M-tain  modifications,  still  holds  its  own. 
Oil-fired  annealing  furnaces  are  proving  to 
have  distinct   advantages. 

.Much  earnest  attention  is  being  given  to  the 
subject  of  industrial  scientific  research,  in  which 
connection  it  is  hoped  that  the  British  Non- 
ferrous  ]?es(>arch  Association  \\  ill  ])rove  of  great 
value. 

It  is  clear  that  the  future  success  of  Biitisii 
industries  depends  almost  entirely  on  the 
human  i-leiuent,  i.e.,  on  hard  work  combiiu'd 
with  high  ideals  of  ((uality  of  |)roduction,  in- 
telligent organisation  and  bold  exploration  of 
new  fields. — \V.  P.  I3auci,.\v,  Thr  Chriiiiriil  Ago, 
page  .514,   October  20,    1921.      (H.A.C.) 


-MINING. 

SrONT.VNKOUS    CO-MIIUSTION    OF    COAI.    IN    MiNES. 

— -(The  Final  Peport  and  Pecommeiidations). 
— Nine  years  ago  there  was  appointed  in  Eng- 
land a  Departmental  ('ommitt(>e  to  report  on 
Spontaneous  C'oiiil)ustion  of  ("oal  in  Mines.  It 
consisted  of  .Mi-,  (hiter  Sir)  H.  A.  S.  Medmayne, 
II. -M.  ChJet  Inspector  of  -Mines;  Sir  .\rthur  P. 
Markham  (subsequeiitlv  succeeded  bv  iMr.  .1.  II. 
W.  J.averick);  and  Alcssrs.  C.  E.  "  Phodes,  V. 
Digby  and  H.  Smith.  They  were  to  enquire 
into  the  circum.stances  in  which  spontaneo  is 
oombustion  of  coal  occurs  in  mines,  its  causes, 
and  the  means  of  preventing  it  or  dealing  with 
it  when  it  has  arisen.  .\ii  interim  report  was 
issued  in  December.  iOl;{.  on  that  jiart  of  the 
eiKiuiry  relative  to  the  danger  to  jjersons  em- 
ployed in  a  mine  during  tli(>  occurrence  of  an 
underground  fire  occasioned  by  the  spontaneous 
combustion  of  coal  or  other  carbonaceous 
material. 

The  final  report  of  the  committee  was  pub- 
lished in  i/ondon  on  -Vugiist,  1921,  as  a  lilue 
Pook  of  111  foolsca])  ))ages.  Jt  gave  a  historical 
review  of  the  subject,  an  account  of  .scientific 
views  as  to  the  initiation  of  spontaneous  com- 
bustion, a  iTview  of  the  ])ra(tical  aspect  of 
the  subject  as  applied  to  coal  mines,  dealt  with 
hydraulic  stowage,  and  w(niiid  up  with  various 
conclusions,  recommendations  and  api)endices. 

The  main  conclusions  arrived  at,  after  weigh- 
ing all   the  evidence  as  to  the  scientific  exi)lan- 
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ation  of  the  self-heating  of  coal,  are  as  follows: 

(1)  That  the  self-heating  of  coal  is  not  in 
any  way  due  to  the  presence  of  bacteria,  and 
that  bacterial  action,  even  if  it  occurs  in  coal, 
does  not  acc-ount  for  even  the  initial  stages  of 
self-heating. 

(2)  That  some  small  amount  of  heat  may  be 
developed  by  the  oxidation  of  pyrites  in  coal 
when  it  CKcurs  as  an  amorphous  form  of  mai- 
«asite:  but  that,  as  pyrites  is  present  in  coal 
in  such  small  proportion  as  compared  with  th.' 
coal  substance  proper — whii  h  is  a  bad  conductor 
of  heat — the  effect  of  this  heat  is  negligible. 
Tlie  chief  part  played  by  pyrites  when  present 
in  an  un.stable  form  is  that  of  a  disinte^ratoi- 
of  the  ci>al.  so  rendering  the  latter  more  per- 
meable by  air  and  exposing  a  greater  area  of 
coal   substance   to  oxidation. 

f3)  That  the  presenc-e  of  moi.sture  in  coal  has 
an  accelerating  «-tfect  on  its  oxidat  on.  and  coi.- 
8e<iuently  that  <o:iU  high  in  hygrocopic 
moi«iture  absorb  nxynou  more  readily  than  tho.'^e 
of  low  moisture  content. 

^4)  Tliat  the  self-heating  of  caal  is  mainly  duo 
to  the  absfjrption  of  oxygen  by  tl  e  coal  icsuitin  : 
in   the  generation  of   heat. 

r.it    Though    coal    absorbs    l)oth    oxy^'en     and 

iiitr<></<ii    in    a    physical    .sen.ce    as    well    as    in    a 

'  ■  'iiiial    seufe.    the    absorption     in    .so    far    as 

iiig  etfc»ct.s  are  concerned  i.s  a  chemical  and 

!.■  •    ;i    (ili\-ifal    prcK-efis;    that   the   chemical    pro- 

'r-^.    1,    ii..iiiily   one  of   attachment   cjf  oxygen    t> 

•s    of     high     carbon     <-ontent,     but     that 

iry    to    this,    and    playing    an    impoitant 

part     in     determining    the    actual     spontaneous 

I'l.itifin     of     coal.     IS     a     chemic-al    interaction 

the    oxygen    thus    loo'cly    he'd    by    the 

'  1    >  M.-iike   molecules  and  other  atoms   in   these 

iM  il<-«iiles    c»r    other    portions    of    the    coal    ccui- 

glonierate. 

(Ctf     That,      from     the     chemical      .•■tandpoint 
aioop.     the    higher    the    percentage    of    oxygen 
•    •'  f-d   in  a  roal  the  great<»r,   it  w(»uld  .seem, 
ility   to  tipoiitaneon*!  c-'inihustion. 

(1)  That   the   texture  of  the  coal    is  a   matter 

'  •'   •    im|Nirtnnce.   feeint'  that  the  mc)re  per- 

i<i  a  r-oal.   other   thingn  being  e'|ual,    thr- 

■'     '-.of   ('Xi'hition.    inasmuch 

1%   fX|»o»ed    to    the    action 

•tir    4*   coutpuiecl    with    a    coal    of   cIoh't 

I-  n%   the    tetiifMTature    riiien   the    rate 

of  "n   of   oxygen    increatcn. 


111.      M>...n     f" ' 

niitt<*e    ficnti\, 

aliui    »»'•  I     '  ;ir 
•■,    are    brn-fly 


•hecj    by    the    com- 
'  a!    a<i|M.*ci    of    th<- 
I'-r.ition   of   the 
>N-|(«w  : 
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thickness,  is  not  carried  to  such  an  extent  as 
to  incluce  combustion.  {}>)  Crushing  of  Pillars. 
— Coal  which  has  boconio  crushed  in  the  mine 
by  reason  of  superincumbent  weight  is  more 
likely  to  induce  helf-heating  than  coal  in  a 
solid  compact  state  For  this  reason  it  is  in 
the  highest  degree  desirable  that  (in  .seams 
liable  to  sjumtaneous  combustion)  pillars  .shoiild 
be  adequately  designed  to  resist  all  pressures, 
and  that  during  the  proc-ess  of  their  removal 
ovhich  should  not  be  long  dolayed)  work  should 
i  be  as  consistent  and  rapid  as  ])t)ssible.  For  the 
same  reason  inferioi'  coal  normally  left,  e.g., 
in  the  vicinity  of  faults,  should  be  extracted 
and  sent  out  of  the  pit. 

(2)  Faults. — Faults  indirectly  contribute  to 
the  .self-heating  of  seams  of  coal,  which  without 
these  extr.meous  agencies  might  not  take  fire. 
This  is  due  not  only  to  the  presence  of  inferior 
and  soft  coal  adjacent  to  the  faults,  but  al.so 
to  the  interference  of  the  latter  with  the  regu 
larity  of  the  line  of  face,  and  to  tiicir  coi> 
stitutiuLi  lines  of  weakness  c-ontiibuting  to  falls 
of    roof    and    admission    of   air. 

(3)  Condition  of  Roof. — The  character  of  tlie 
roof  of  a  coal  seam  jilays  an  iini)ortant  i)ait  in 
the  liability  of  the  coal  to  spontaneous  com 
l)usiioii.  .\  broken  or  unstable  roof  permits  the 
percolation  of  air,  and  the  leaving  of  top  coal 
for  its  maintenance  introduces  a  factor  con- 
ducive to  fire  in  the  goaf  when  such  coal 
breaks  down  too  far  back  for  complete 
recovery. 

i\)  Otlier  Conditions. — The  following  condi- 
tions are  also  ccniductive  to  spontaneous  com- 
bustion :  — 

(it)  Thr  I'lirrru  atiil  Incomplric  Si'ftlrmcnf 
iif  tlip  (I'laf.  (I'oh  or  Wii.stf. — Whore  tiiis  occ-urs 
the  goaf  has  large  spaces  to  which  suflic-ient  air 
may  have  ac-cess  t'>  |iromote  llie  oxidation  of 
any  c-ailicinacecnis  niatcriai  present,  l)iit  in 
I  which  thd'c  is  no  constant  tbiduch  cuncnt  to 
'      provide  a  c-ounteracting  cooling  effect. 

(/<>    Tlir    Lriiriiiii    i>f    Tiinhrr    in     the    (loaf.— 
TimlK-r   left   standing   in    the   waste   winkings   of 
a    mini-    is   not    a    ntiniarv   caus(>   of    spcintaiii'ous 
coinliustion.       It     IS    .so    indirectly,    iiiasniiicli    as 
it   hiiiclers  till'  even   settlriiu-iit   of  the   roof,   and 
alloMs  of  till*  loi'iii.'it  ion  of  cavities  or  aii-sp.'ices 
It  may   be.  also,  that    in   the  pri-seiice  of  timber. 
^i'hich    in    more    easily    ignited     than    coal,    fire 
breakH  out  nt   an   earlier  stage  of  heating  tlian 
it    otheruif-e    would.      In    mines    liable    to   spnn 
tuncoiih    loiubimtion.    therefore,    the    extraction 
of    tiniber    should    lie    lariied    out    as    far    as    is 
I'oinpatilile   with   safety. 

(«  )    T/ic    I'rrnrurr    of    ('mil    iinil    TiinKir    in    //u' 
I'urk*. — Wo    are    aware    that     there    are    caHcs 
where    coal    hns    Wen    largely    uned    in    the   con 
Htniction     cif     piickM     witliMiit     th<*     liability     to 
ipitnliMD-'ius  I'oiiibusl  ion   beiiiu'  iiii'urri*i|   tlierein, 

but  tlllH  has  been  beeiillse  of  the  peelllilM  (bill 
aeter  of  the  i-oal  HO  elilploved  In  fact,  Ultln'  ' 
lllmoHt       lllllinitnoliHlv      riindellilieil       the     priirl  M  < 

Hiicl,  iindoiibledly,  it  hiiN  in  the  pant  been 
n  fr4'(|ueiit  caiiM'  of  fire.  No  timber  slioiild  be 
either  limit  ill  or  iiitod  nii  a  rcMif  Niiptioit  in 
the  eiiiii'triiclioii  of  naekii.  except  in  the  cnH« 
■  if  I  <i/H  or  cbiM-kH  |ilnee(|  on  the  road-Hide  of 
pliekii  ililiot     be     diHpi'tiPM'd     with, 


•  '/ 


<l   roiiduaVH. 
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(6)  Systems  of  "Working. — With  regard  to 
this  aspect  of  the  case,  it  is  impossible  to  lay 
down  any  hard  and  fast  rnle  for  universal 
application,  and  the  method  adopted  must  be 
conditional    on    the    circumstances.  Broadly 

speaking,  we  are  satisfied  that  the  methods  of 
working  in  operation  in  the  several  ilistricts 
with  which  we  have  dealt,  are  those  which  are 
the  most  practical,  and  whicli,  in  the  circnni- 
stances,  are  be.st  calculated  to  get  the  coal  with 
the  least  risk  of  danger  from  fire,  affording 
at  the  same  time  the  greatest  facilities  for 
dealing  with  outbieaks.  In  some  ca.ses,  how- 
ever, the  numner  in  which  these  systems  are 
carried  out  in  detail  is  not,  in  our  opinion, 
as  perfect  as  it  mif'ht  be,  and  we  have  pointed 
out  .some  of  the  deficiencies  in  the  body  of  this 
report. 

In  nil  mines  liable  to  .spontaneous  combus- 
tion the  following  precautions  in  respect  of 
methods  of  working  are   desirable;  — 

(a)  Lonfiwall  Method. — Wherever  the 
natural  conditions  (p.f/.,  thickness  and  inclina- 
tion of  the  seam,  and  character  of  the  roof) 
allow  of  its  application,  the  longwall  .system 
of  working  should  be  iiractiscd.  The  face 
should  be  kept  as  straight  as  possible,  and 
•■ulvanced    consistently    and    rapidly. 

(b)  lietreating  Method  of  Loniiwall. — In 
those  .seams  which  give  off  fire-damp  freely, 
and  which  by  reason  of  their  thickness  are 
suital)le  for  its  application,  tlie  retreating 
method    of    longwall    should    he    adojited. 

{(■)  7'(u7>-.s.— Packs  should  be  made  as  wide 
as  practicable  in  relation  to  the  di.stance 
betw(>en  "gates."  The  thicker  the  seam  the 
wider  should  be  the  packs,  which  should  be 
solidly    built    and    well-faced. 

((/)  Cute  ]{o(td.i. — The  distance  between  the 
gates  should  be  such  as,  whilst  ])ermitting  of 
the  quick,  regular,  and  complete  .settlement 
of  the  goaf,  to  reduce  the  number  of  gate 
roads  to  the  minimum,  so  decreasing  the 
po.ssibHity  of  leakage  of  air.  Where  practic- 
able the  packs  should  be  buried  as  .soon  as 
possible. 

(<•)  J'diu'l  Susfi'iii.s. — Where  experience  has 
shown  that  the  .system  of  working — whether 
modified  longwall  or  pillar  and  stall — should 
be  by  j)anels,  the  immediate  entrance  to  each 
panel  should  be  limited  to  two  roads  providecl 
with  arrangements  for  rapid  and  effective 
realing-off    in   case   of   an    outbreak    of   fire. 

(/)  (iencral  Precautious. — All  roads  no  louEcr 
retpiired  for  haulage,  travelling,  or  ventilation 
should  be  closed  with  good  air-tight  packs,  so 
that  there  will  be  h>.ss  liability  of  .spontaneous 
ccmibiistion  taking  j)lace  therein.  Such  roads 
as  may  be  rerpiiied  to  be  kept  open  should  be 
travelled    and   examined    d,iily. 

As  a  high  pressure  of  ventilating  current 
conduces  to  leakage,  it  should  not  exceed  what 
is  necessary  to  ventilate  the  mine  properly,  and 
the  space  between  the  face  and  the  gob  "should 
be  sufficiently  large  to  pre 'ont  the  forcing  of 
air  throusrh  pack  walls.  (ienerally,  the  air- 
ways should  be  of  large  area,  and  there  should 
be  a  large  number  of  splits.  'J'he  ideal  in  ven- 
tilation is  a  large  (piantity  of  air  at  a  low  water 
gauge,  leakage  of  air  into  undesirable  places 
will  thus  be  reduced  to  a  minimum. 


No  coal  posts  or  pillars  should  he  left,  if 
possible.  Mo  slack  or  coal  should  be  left  in 
the  goaf. 

Where  hciitings  or  fires  are  of  frequent 
occurrence,  an  adequate  supply  of  water  (under 
pressure)  should  be  provided  for  immediate  use 
where    advisable. 

(6)  Organisation.- — At  large  collieries  liable 
to  spontaneous  combustion  there  slunild  be  pro- 
vided a  specially  trained  official  or  ofhcials, 
whose  duty  it  should  bo  to  investigate  any 
occurrence  of  gob-stink  or  other  indication  of 
self-heating,  and  to  deal  with  any  outbreak  of 
fire.  These  officials  should  be  under  the;  direct 
control  of  tlie  certificated  manager  of  the  col- 
liery   and    rei)ort    to   him   daily. 

We  recommend  to  the  serious  consideration 
of  colliery  owners  and  managers  the  organi- 
sation .set  uj)  by  ISIr.  J.  T.  Greeusmith^  at 
Brodsworth  Main  Colliery.  Peihaps  more  is  to 
be  ho[)ed  for  from  organisation  sucli  as  this  and 
from  precautions  adopted  as  the  result  of 
practical  exi)eiieiKe  than  from  any  other 
source.  It  is  a  fact  th;it  since  the  commence- 
ment of  our  enquiry  in  li)12,  when  considerable 
apprehension  existed  in  the  minds  of  many  as 
to  the  future  of  the  South  Yorkshire  coalfield 
owing  to  the  jjrevalence  of  gob  fires,  a  very 
marked  iniprovcnuuit  has  taken  place,  and  fires 
are  now,  comparatively  speaking,  of  rare 
occurrence. 

(7)  Hydraulic  Stowage. — We  commend  to 
the  careful  consideration  of  mining  engineer.? 
the  report  by  Mr.  Seidl  on  Hydraulic  Stowage, 
and  the  evidence  of  other  witnesses,  esi)ecially 
that  of  -Mr.  1{.  Kirkby.  There  is  no  doubt 
that  the  api)lication  of  the  j)rocess  would  result 
in  a  diminution—  inoblihly  in  the  complete  pre- 
vention—  of  gob-fires,  but  the  application  of 
the  process  necessitates  ample  quantities  of 
ea&ily  accessible  and  suitable  stowage  material. 
The  process  has  been  successfully  applied  in 
the    I'ifeshire    coalfield. 

(8)  Cementation. — We  recommend  that 
mining  engineers  shoidd  consider  the  applic;*- 
tion  of  the  cementation  process  of  coinoating 
Ijres  that  have  occurred  in  main  roads,  ribs, 
and   pillars. 

The  committee  does  not  recoinnieud  the 
estahlishnient  of  regulations  additional  to  those 
brought  into  force  in  July  last,  which  were 
based  upon  the  interim  report,  and  which  are 
regarded  as  sufficient  under  present  ciicum- 
stances. — I  ndu.st  rial  .-lii.'ii  nil  ion  inul  .\liniitii 
Sfondiinl.  October  G.  1921.  pa}?es  012,  G1.3. 
(C.J.G.) 
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Ordinary  General  Meeting, 
18th  February,  1922. 


The  Ordinary-  General  Meeting  of  thf* 
Society  was  held  in  the  Assembly  Hall. 
Scientific  and  Technical  Club,  100,  Fox 
Street.  Johanne^burg,  on  Saturday,  the 
18th  February,  1922,  at  8  p.m.,  Mr.  F. 
Wartenweiler  (President)  in  the  chair. 
There   were   al.so   present;  — 

17  Memberi^:  H.  R.  Adam,  C.  J.  Gray, 
.J  Hayward  Johnson,  Dr.  A.  .J.  Orenstein, 
J.  R  Thurlow,  Prof.  G.  A.  Watermever, 
John  Watson,  A.  Whitby.  II.  A.  Wliite, 
Prof.  J.  A.  Wilkinson  (Members  of  Council), 
R  A.  C.  Cooper,  H.  L.  V.  Durell.  Jas 
Gray,  W.  C.  Lindemann,  T  Graham 
Mar'tvn,    W.    E.     Thorpe,     and     II      R      S 

WillcM. 

4  Associates:  W  Anderson.  J  A  liovd, 
C.  E    Deakin.  and  O    A    Gerber 

1  Vi.sitor  and  H  AG  Jeffreys  (Secre- 
tary). 

MI.NCTES. 

The  Minutes  of  the  Ordinary  General 
Meeting*,  held  on  the  loth  October  and 
I9th  N'ovember.  1021.  a.-^  reported  in  the 
Octol>er  and  Noveml>€r  Journalu,  were  con- 
firmed 

Srw     MEMBRRH 

'   wai  taken  for  the  «'lerlion  of  nrw 

mi- .    and    the    following    were  declared 

unanimously  elected. — 

(;iiit*wrMiii.    K     L  .    'l\m.    Chiidlfiiih'N    Kiiii'liiiiCii. 

.loh«nnf«biirK      Doctor  of    \U-thiM%t' 
Tc«vry.    W     K,    itof.inHon    |).«|,,     I,t«l        I'o 

fVtx     13)^.    .lohaiiiM-itliurK         .Miiiiii^      Knui- 

r  he  Secretary '•iinounred  thai  the  fol|r>w 
•         •11       had       be#"n      admit  l<*d       •■ 


I*.."*,!.    .1     K     I'O    IWm   IJ»I,  J. 
loWBT.    Wm  .    H«-iriitiAi      fliid      I'    . 
KII,  l^os  Htr««t,  .)ohiinnc«hiiri(. 


"iru 
..I     Club, 


CONTRIBUTIONS    TOWARDS    MAINTENANCE    OF 

THE     ASSOCIATED     SCIENTIFIC    AND     TECHNICAL 

SOCIETIES    OF    SOUTH    AFRICA. 

The  President  said  he  had  to  bring 
before  the  meeting  a  rather  important  mat- 
ter, namely,  confirmation  of  the  action  of 
their  Council  in  regard  to  the  contribution 
of  the  Society  to  the  Associated  Scientific 
and  Technical  Societies  of  South  Africa. 
lie  would  read  them  the  recommendation:  — 

"The  Controlling  Jixecutive  of  the  Associ- 
ated Scientific  and  Technical  Societies  of 
South  Africa,  confronted  by  the  necessity 
of  making  provision  for  an  annual  income 
of  approximately  £1,700  to  coyer  interest 
on  mortgages  and  other  expenses  incidental 
to  the  maintenance  of  (he  Associated  Socie- 
ties, has  decided  to  make  an  assessment  on 
its  Constituent  Societies. 

This  assessment  has  been  made  in  the 
manner   following;  — 

In  respect  of  members  residing  m  (he 
Witwatersrand  area  (Springs  to  Randfon- 
tein  inclusive)  a  sum  calculated  at  the 
rate  of  £1    Is.  per  member  per  annum. 

In  respect  of  members  residing  else- 
where in  South  Africa  (South  of  the 
Kfpiator)  a  sum  calculated  at  (he  rate  of 
10s.  Cd.  per  member  per  annum. 

Members  of  more  than  one  Cou'Jtituent 
Society  will  only  be  rallf'<l  u])on  for  one 
contribution,  and  may  cliooso  through 
which  Society  they  will  pay  In  the  event 
of  BU-;h  members  failing  to  notify  (heir 
do<-ision  l)y  the  .30(h  Juno.  1922.  the  Con- 
trolling  Kxecutive  will  dctormiiio  which 
C'on^itif upn(  Society  shall  collcit  tin-  con 
Ihbutioii. 

The  .idvnntngOH  which  the  ('hcmicMl, 
Mftallurgirwil  and  Mining  Socn-ty  of  .South 
Afri<'«  d«'nv#»«  from  ilt*  connerlion  with  tlio 
.\  '.' lativl  .Scientific  and  Te<'hnical  Societies* 
of  South  Africa  iiiumI  I»p  obvious  to  nil  tnein- 
ht>rn.  and  it  \n  rnriifHtly  lu)pr«l  that  rvrry 
member    will    respond    in    t  h«»    cnll    sr)    nn   to 
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enable   the   Society   to  provide  its  quota   to 
the  general  contribution. 

The  Council  of  the  Society  has  adopted 
this  means  of  levying  on  its  members  in  pre- 
ference to  increasing  the  annual  subscrip- 
tion: should,  however,  the  levy  fail  to  pro- 
duce the  requisite  amount,  the  question  of 
an  increased  subscription  will  have  to  be  seri- 
ou;-lv  considered . " 

The  President  remarked  further  that 
this  action  had  been  taken  by  the  Society's 
representatives  on  the  Executive  Council  of 
the  Associated  Societies  in  conjunction  with 
representatives  of  all  other  Constituent 
Societies.  The  Council  had  confirmed  this 
method  of  levving  its  quota,  and  thev  now 
asked    members  to  confirm   their  action. 

Mr.  Jas.  Gray  had  much  pleasure  in  ])ro- 
posing  that  the  recommendations  of  the 
Council  in  connection  with  the  assessment 
placed  upon  the  Society  by  the  Controlling 
Executive  of  the  Associated  Scientific  and 
Technical  Societies  of  South  Africa  be  con- 
firmed. In  supporting  the  proposal  he  did 
not  think  there  was  much  further  to  be  said. 
When  the  scheme  was  originally  proposed 
their  Society  was  one  of  the  trinity  respon- 
sible for  the  scheme  of  joint  housing  which 
they  saw  to  a  certain  extent  in  its  fulfilment 
to-day,  and  he  thought  it  would  not  be  right 
for  the  Society  at  this  very  late  hour  of  the 
day  not   to  confirm  the  Council's  action. 

The  building  lequired  quite  a  considerable 
sum  for  tlie  purjjose  of  maintenance,  and  the 
Associated  Societies  also  required  a  large 
sum  for  the  carryino:  on  of  their  necessarv 
activities.  Although  their  activities  in  the 
])ast  had  no(  been  as  great  as  they 
would  like  to  liave  seen,  yet  he  was 
sati.^-fied  that  in  the  future  they  would 
be  not  only  to  the  advantage  of  the  Scien- 
tific and  Technical  Societies  and  their  mem- 
bers, but  to  South  Africa  at  large.  There- 
fore he  felt  that  the  Society  must  support 
the  scheme  which  had  been  placed  before  it 
tliat  evening.  It  was  a  scheme  which  had 
been  arriveil  at  after  considerable  discus- 
sion among  the  representatives  of  the  dif- 
ferent societies  on  the  Controlling  Executive, 
and  had  met  with  unanimous  approval.  He 
did  not  see  how  they  could  expect  to  carry 
on  unless  they  got  some  assessment  of  that 
nature.  After     all,     he     did     not      think 

that  the  assessment  on  the  Witwatersrand 
Members  was  by  any  means  too  large,  con- 
sidering the  advantages  they  derived,  and 
lie  personally  would  have  been  only  too 
pleased  to  see  it  doubled.      He  commended 


the  scheme  to  their  earnest  consideration, 
and  was  satisfied  that  members -would  sup- 
port it  whole-heartedly  and  that  there  would 
be  no  necessity  to  adopt  any  other  means 
for  laising  the  sum  required  of  the  Society. 

Mr.  H.  R.  S.  Wilkes  had  verv  great 
pleasure  in  seconding  the  proposition.  What 
Mr.  Gray  liad  said  had  practically  covered 
the  whole  question,  and  he  (the  .speaker) 
could  add  very  little  to  it.  He  was  glad  the 
decision  of  the  Committee  was  to  make  it  a 
levy  rather  than  to  increase  the  subscrip- 
tion. It  seemed  to  him,  in  the  event  of 
the  levy  not  being  a  successful  one,  the  idea 
of  increasing  the  sub^'ciiption  would  be 
quite  a  good  thing  because,  for  two  guineas, 
they  really  were  getting  a  very  cheap  sub- 
scription, and  the  subscription  of  most  of 
the  other  Societies  was  gieater  than  that. 
He  trusted  the  proposition  would  be  canied 

Declared    carried. 

EXHIBITION  AND  DEMONSTRATION  OF  DEVICES 
OF  PRACTICAL  ADVANTAGE. 

Mr.  J.  Madden:  Through  the  intro- 
duction of  Mr.  H.  A.  White,  I  bring  before 
your  notice  a  new  design  of  mercury  con- 
tainer for  use  bv  amalgamators.  It  is  made 
from  a  6  inch  length  of  I  .\  inch  pi])e.  A 
plate  is  welded  into  the  bottom  and  another 
at  the  top,  and  into  this  a  standard  h  inch 
bend.  The  usual  amalgam  cloth  is  fastened 
to  the  outlet  of  this  bend.  It  is  a  simjile 
device  and  an  improvement  on  the  ordinary 
hand  mercury  bottle.  It  directs  the  mer- 
cury to  the  plate  or  s])ot  where  it  is  wanted, 
prevents  indi.scriminate  splash,  and  there 
fore  waste. 


Mr.  H.  A.White  thought  they  ought  to 
clfer  a  special  welcome  to  a  device  of  that 
nature  because  some  of  the  members  of  the 
Society  and  others  had  been  taking  a  very 
keen  interest  in  the  prevention  of  mercurial 
poisoning  on  the  Witwatersrand,  and  any 
matter  which  they  could  bring  forward 
before  the  members  of  the  Society  which 
would  render  the  use  of  mercury  safer  was 
a  thing  to  which  they  must  undoubtedly 
give  the  heartiest  welcome  and  the  best  pos- 
sible reception. 
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It  seemed  a  very  simple  aud  ordinary  little 
device,  but  he  had  no  doubt  it  required 
ingenuity  to  develop  it :  however,  he 
thought  the  best  way  in  which  thev  could 
show  their  appieciation  of  it  was  to  adopt 
the  idea  and  put  it  into  use. 

Mr.  Madden  said  he  had  personally 
tried  liie  bottle  and  found  it  worked  very 
well. 

OBITUARIES. 

The  President  regretted  to  have  to  an- 
nounce the  death  of  three  of  their  members 
-ince  the  last  meeting,  namely.  Dr.  Alex. 
Heymann,  Major  L.  A.  E.  Swinnev.  and. 
ven,-  recently.  Mr.  J.  Martin,  of  New  Mod- 
derfontein.  He  called  upon  members  present 
to  pa.^s  a  vote  of  condolence  and  to  rise  from 
their  seats  out  of  respect.  (All  the  mem- 
bers present  did  so.) 

ACTIO.S  OF  CONTROLLIXG  EXECUTIVE  OF  A.S. 
AND  T..S.S.A. 

The  President  said  he  would  like  to 
refer  to  the  action  taken  .<ome  time  ago  by  the 
Society's  representatives  on  the  Controlling 
Executive  of  the  Associated  Scientific 
and    Technical     Societies    of    South     Africa 


in  supporting  ceitain  resolutions  pertainiucr 
to  the  existing  industrial  crisis.  He  assumed 
that  they  met  with  the  confirmation  of  mem- 
bers and  that  they  were  in  full  sympathy 
and  agreement  therewith. 

FERP.F.IRA     DEEP    DISASTER. 

The   President  announced   that    this   wa-^ 
the     first     meeting     of     the     Society     since 
the    regrettable     Feneira     Deep     Mine     dis- 
aster     in      December.        As      all      members 
present     knew,     in     fighting     the    fire     five 
men     were     entombed "  by   "a     fall    of     rock 
in      the     shaft.        Rescue      parties      worked 
ceaselessly  for  days  in  an  endeavour  to  save 
two  of  the  men  who  were  alive,  but  pinned 
down.      Despite  their  efforts,    and,    being   in 
imminent  danger  from  further  falls  of  rock 
and  gasses   from   the  fire,  they  were   unable 
to   bring   these   men    out    alive.      It   was   fit- 
ting that  the  Society  should  place  on  record 
its  sincere  .sympathy  with  those  bereaved  and 
its    appieciation    of   the   spirit     of     sacrifice, 
courage   and    enduiance   of   the    rescue    par- 
ties.     He    would    ask    members     present     to 
stand    in  silence.      (All    present    rose.) 

Prof.   G.    A.    Watermeyer      then      took 
the  chair 


FEATTRES  OF  METALLURGY   OF   A    REFRACTORY  GOLD  ORE. 


Bv    F     Wartenueiler,    A.I.M.M. 


T'  _'  1914  and  19I.J  the  writer  had  ilie 
J  •  of  a  clo«€  acquaintanceship  and  the 
t<  '(ility  of  recoveiing  the  precious 
metal  content  of  a  refractory  gold  ore.  It 
wa«(  that  mined  at  Pre.«tea  Block  A,  situated 
in  Gold  Coa'^t  Colony,  Equatorial  West 
Africa.  It  wax  refractory  in  the  Kense  of 
oh«'tinacy  in  vieldinp  itt  *  .-  ;re  to  treat- 
ment In  a  pajKT*,  ;  t'd  by  the 
I  MAM  I..ondon,  the  r^ium  fulphido 
ptocen*!  '!■  '  '  ■ 'I  at  thi.H  mine 
Hiut   dt""  . .       .    

In  turnini;  to  (he  metallurc^  of  thin  extra- 
or  ore   at    tliii)    latf    date    I   have   l>een 

iu::..^ .,  >il  by  the  behrf  that  a  rrrord  of  iln 
nalient  feature*  will  prov<»  of  intere«t  The 
paper  deal*  with  (he  pnx-eMt  •<«  u«ied  during; 

ill'       '    •   •   rred   to  and   with     it        1 

li-  .   ar   their  ohjerl    the  o 

application   of   development*   in   i^old    metal 
lurgy  ehewh^re      Having  he*-' 


years,    I    am 
prarti(>p      with 


T" 


•«  (>f  tiolil  lUx'tVt'ty 


with    the    mine    during    lecent 
unable    to    describe    current 
authority. 

Ih.sTORv. — Ore    treatment     at     this     mine 
probably    traces    back   centuries,    in    coinnion 
with    that    of    Ashanti    gold    deposits.      It    is 
known  that  in  the  days  of  ancient,  [)n).sporous 
and    powerful    States   in   North    Africa,   such 
as    Egypt    and    Carthage,    grtld    was    received 
from   the  regions  in  the  south   of  dio  (iieat 
Desert.      To    this   day     the     natives     of     (he 
semi  arid     region     bordering      the     Snuthctii 
Sahara    arc    in     a     state     of     coniparativelv 
advanced    civiliHation    and   carry   <ni    a    trade 
McrosM  the  vast    expanse  «)f  I  he  desert .        The 
Kami    native"    of    the    jungle    to    the    soulh 
and    their     women     folk     an-    udiiinrd     with 
(fold      jewellery      of      varying      degrees      of 
|)urily.       nianufacliiird      by      nntivf      ^<>ld 
rmiths,      mid      goM      in      fiiidmi;      ilv      way 
northward    via    tlif    1 1  ansa    trader  Wlicii 

Jaron    of   tl  .      *         nniil'.    -oMijhl    ^jnld    wlii.h 
had    b#»en    i.  I    l.v    imatK   •>(   (b..i-...    (he 
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Gold  Coast  native  was  applying  crude  metal- 
lurgy to  the  deposits  in  the  streams  and  the 
jungle  enclosed  outcrops. 

The  European  of  our  lime,  who  had  ven- 
tured to  work  the  Prestea  deposit,  not  being 
content  with  such  slow  methods,  which,  how- 
ever, have  the  merit  of  conservation,  pro- 
vided stamps  and  amalgamating  plates  to 
deal  with  the  oxidised  ore  at  shallow  depths. 
When  the  sulphide  zone  was  reached  and 
with  it  the  association  of  gold  with  refrac- 
tory sul{)hides  of  arsenic  and  antimony,  it 
was  realised  that  if  tlie  mine  were  to 
survive,  different  methods  must  be  em- 
ployed. Au'-tralian  metallurgical  methods 
for  the  treatment  of  lefractory  gold  ores 
were  at  this  time  prominently  successful  and 
were  tlieiefore,  and  nol  without  good  reason, 
adopted. 

De.scription  of  Ore. — Prestea  ore  is  a 
white  quartz,  brecciated  and  seamed  with 
soft  carbonaceous  schist  which  also  occurs  as 
a  selvage  between  the  lode  and  the  wall  rock. 
The  auriferous  mineralisation  is  distributed 
throughout  the  lode  matter  and  consists  of 
free  metallic  gold  and  that  associated  with 
iron  pyrites  and  the  arsenical  and  antimonial 
sulpliides,  mispickel  and  stibnite;  zinc 
blende  is  also  present.  The  mineral  sulphides 
are  found  tliroughout  the  lode  matter  and 
not  uncommonly  in  the  graphitic  schist.  The 
mill  pulp  derived  from  tliis  assumes  a  black 
colour. 

Flow  Sheet. — The  outline  of  treatment  is 
illustrated  in  the  accompanying  flow  sheet. 
In  studying  this  it  will  be  noted  that  con- 
trary to  Rand  practice,  sorting  is  omitted. 
Sorting  on  an  ore  of  this  character  with  the 
object  of  eliminating  the  objectionable 
graphitic  schist  would  appear  to  be  highly 
desirable  and  is  .so  in  the  abstract  until  one 
examines  practical  considerations.  The 
graphitic  schist  breaks  up  easily,  in  many 
instances  "flows"  of  this  unctious  material 
have  been  experienced  underground.  In 
sorting  practice  it  would,  to  a  great  extent, 
pass  through  the  grizzlies  and  reach  tlie  mill 
as  unsortable  fines.  Furthermore,  the  lode 
matter  itself,  being  brecciated,  contains 
graphite.  It  was  experienced  that  clean 
mining  was  of  the  greatest  assistance  to  the 


metallurgist  in  his  endeavour  to  obtain  a 
reasonable    extraction. 

In  stamping,  a  high  water/solid  ratio  (|) 
was  found  necessary  to  wash  the  frequently 
stickv  ore  through  the  screens.  A  Higham 
autt.matic  sampler,  its  slot  traversing  th^j 
j)ulp  stream,  gave  a  reasonably  close  valua- 
tion of  the  mill  heads.  The  first  set  of  spitz- 
kasten  did  not  function  for  the  reason  that 
its  dilute  overflow  served  to  provide  wat,?r 
for  a  free  discharge  of  pulp  from  the  first 
stage    grinding   ])ans. 

The  cyanide  leaching  and  sulphide  post 
treatment  were  consecutive  operations,  con- 
ducted in  the  same  vat.  The  Reduction 
Plant  being  positioned  on  a  rather  steep 
hill-side  with  the  stamp  mill  on  the  crest, 
the  flow  of  pul})  depended  entirely  on 
gravitv.  The  water  onlv  was  returned.  The 
tonnage  of  ore  sent  to  the  plant  fluctuated  ; 
25,000  tons  milled  per  month  may,  however, 
be  accepted  as  meeting  its  capacity. 

Metallurgical  Analysis. — The  distribu- 
tion of  gold  recovered  and  gold  discharged, 
and  its  incidence  in  the  entire  scheme  of 
treatment,  is  shown  in  Tables  I  and  II,  and 
is  based  on  typical  results. 

Amalgamation  played  a  large  part,  being 
responsible  for  65-64  ])er  cent,  of  the  extrac- 
tion and  accounted  for  76-51  per  cent,  of  the 
total  recovery.  The  cyanide  treatment  of 
sand  impresses  one  with  its  relative  unim- 
portance, considered  from  the  point  of  view 
of  percentage  of  gold  recovered.  As  the 
gold  extracted  by  the  post  treatment  with 
sodium  sulphide  was  originally  dissolved  by 
the  cyanide  solution,  the  recovery  due  to  the 
combined  treatment  should  perhaps  be 
bracketed.  This  would  advance  the  total 
incidence  of  extraction  by  cyaniding  to  20  15 
per  cent,  of  the  original  value  of  the  ore  and 
23-49  ])er  cent,   of  the  total   recovery. 

Under  tlie  heading  "Distribution  of  Dis- 
charge" it  should  be  stated  that  the  slime 
was  accumulated  for  future  treatment, 
.-hould  sucli  be  commercially  justified.  It 
need  not  therefore  be  written  down  as  a 
total  loss. 

The  numerous  sources  of  recovery  are  an 
outstanding  feature,  and  reflect  the  com- 
l^lexity  of  the   metallurgy  employed:  — 


3 


II 

IS 
IS 


ll 

IS 

<l 
o 


II 

ll 

{- 

in 

in 

10 


'PU'EW^ES^  ?L®v; 


rLfl 


IIT, 


FLOW 


DESCRIPTION 


GRADINGpa7.y1 


50    60     90    I50  150 


STAMP/A/ C7 

Shafts  ID 

Crushers  (6i 

Stamps,  110;    IZOO  b   n^eiM 

Sramp    dutu .  9-3   ;     Screen,     to    linear  mesh. 

(  1  )  AuromaTic  Head  Sampk 


35 


RECRinPtNG     <;yp    AMALOAMATirJg, 
5piTzf«jsTe-n   (16  double) 
Cobbe  -  Middle  for)    GnndirKj  Tans    (l5,  5ft  diameter) 

®Cobbe    f^iddlehn   Ihn    discharge 
(30  /ineor   mesh    screen) 
Dufu  be r  pan  -=  &-Z  tons  cf -GO  bBr  dierr? 
=  5-7      ■.      ••   -9o     ■■ 

Cot>be  •  t*1iddte/or7  pano)  ibr  amat^amat/nn   c<^nrenfratt: 
frcm     IS  t^nndiri^l perns. 

L  aunder     ClasSffVeirs 

flmalacimatincj  T^lates   and  SIcrr/lrets  CZlJ 

("^Btg/otv  Feed 


38 


(4j  3i^/on'  T>t5char^e. 
f^\    ftmalc^arnafton   Tad 


25 


IZ 


zo 

3D 
3Z 


Spd^tu'ten    (2i  double) 
(6J  Spitz     Overfloti 

SV/ilflei/s,  (2^)     Coarse   feed. 
Wilflep  (e)       Fine    feed 

Combined    ConC£r\Tf»te    Tjit 

fWilfleif   Iciil   (coarse) 
Wilfkij  Tail  (fne) 
ConcenTraTe 


SZ     /9 
Z       IS 


9B 
IS 


55 


/9 


31 


€diyard5    Simplex  fJMSter IZ)   /feortl>,/0/r  >^e'6' 

^^^  Cbpae/7^  ,12 -IS  tons  pt /  du. 

vi*^  Concentrate  after   roaitmo  (67%  wejatit  of  rum) 

&iglOvr  firTtalaamat/nf^    and  cinnd/n^  7an^  IP.)     1 
Cuanide     solution    added  ( 

Siglan  dmu/aeimatini^   and  Onndincj   "fiini   t^)) 


X>enhe^     fl/lGf    f^ess 


® 


Conccnfrafi.'    ~/rks-/c^ue 


27 


FW./ 


CYANIDir/G     AND    3ULPHID£     TRCfiTr^crVT 
Sand  TPeoTment —   Ci/anidiny. 

'^  Sulphide  post  treatment 

Xinc   extractor  honCi  fur  ^otd   ba  Cyamcfe   IrttitnieriT 
Coa^r    <■  •'         ••       "       •'  Sulptiide 

®     Sarid  Charge 
(is)     Combined  Slime 
Shrne    lb    Slime    consert/tnq    c/om. 
3ond  t^esicjue    to    uncJerq/'ourycJ     ^anc^  j-i/fmc^ 
iVoTer     retlirn    bun^lDS. 


59 


19 


12 


26 


Feb..  192-2. 


F.    Wartenureiler.   A.I.M.M. — Features  of  a   Sefractory   Gold  Ore. 


149 


DISTRIBUTION   OF   RECOVERY.      TABLE  I. 


Recovery  bv  pan  amalgamation  (raw)      ~^ 
C-M  Pans  1113%       [ 
Biglow      „       10-82%      ) 
,,      '    ,,  pan    amalgamation    (roasted)  ... 
,,  ,,         ,,    2>late  amalgamation  and  blankets 


Dwt.  per  ton        Per  cent,  of  Per  cent. 

of  original  original  ore  of  total 

ore  value.  value*  Recovery. 


2-07 

069 
343 


21-95 

7-32 
36-37 


25-59 

8-52 
42-40 


Recovery  by  amalgamation  (total)    ... 

Recovery  by  cyaniding  (sand)  

„         ,,  ,,  (concentrate) 


(Total) 


Recover*'  by  sulphide  treatment 


Total 


6  19 

65-64 

76-51 

0-76 
0-78 

806 
8-27 

9-39 

9-65 

1-54 

16-33 

19-04 

0-36 

3-82 

4-45 

809 

8579 

10000 

DISTRIBUTION    OF   DISCHARGE.      TABLE  II. 


Slime  (discharged  to  conserving  dams)  22-3% 

at  211  dwts 

Concentrate  residue  (21%  at  4-47  dwts.)   ... 
Sand  residue  (75-6%  at  103  dwt.)   

Total  Di.scharge 

Total  Recovery  

^Computed  Orp  Valup)     Total    

Gbinuinc. — ThJ.H  operation  in  the  first 
Bta^e  wa.s  conducted  with  a  two-fold  pur- 
pose, namely,  to  further  comminute  the  ore 

nd  to  concentrate  a  high  grade  j)roduct 
containing  roarne  free  gold  Grinding  pans 
were    al-^^j   enjpioyed    for    regrinding    roncen- 

rate  derived  from  the  first  stage  pans  and 
from  clajwifien*.  ron'-urrenfly  with  amalga- 
mation of   thiA  concentrate. 

'Ti  f.  ^'obbe-MiddlHon  r -   ■'''"d  were  well 

;    for    grinding.  ly     ax     they 

HUtomatir«lly    maintained    the  two   grinding 

,'.ire««   wilhiii     *•**  dintanre         These 

•.*\etl  of  thf  h1.  irhe*l  to  the  revolv- 

tiK    muller  and    the   dien    forming    the    faJHe 

'      ■  '<•  k^pi    ill   work 
_   ,  'TO  and  wfiglil'< 

Having  a  low  di^-harge  with  a  ncreen  of  con 
•  derahle  dimension  thin  tyjH*  of  pan  i»i  purely 
'      ',  and   i*  not  oai-ilv  adaptable  for 
■m      Th«"'«'  two  fiiiK-iiont  arn  not 
Me     in     the     aame     machine     unh- 
-iparity  i<i  to  be  ignored. 


Per  cent, 
of  total 
tonnage. 

223 

21 

75-6 


Dwt.  per  ton 

original  ore 

value. 

0-47 
0-09 
0-78 


Per  cent,  of 
original  ore 
value. 

4-98 
0-96 
8-27 


1000 


134 
809 


14  21 
85-79 


9  43 


10000 


Low  grinding  capacity  per  iiinl  uas  an 
objectionable  feature  of  both  tvjtes  of  pans 
u.sed.  Grinding  duty  with  the  CM  pan  was 
onlv 

8  2  Ions  of    -60    mesh    product    produced 
per  diem,   or 

5  7  tons  of  -90  mesh  pioducl  |)r()duced 
per  <lif'Mi 
Grinding  efliciemy  in  terins  of  90  nipsh 
produced  per  horse  power  consumed  was 
!  II  tons.  This  compares  with  current  Rand 
tub«  mill  efTn-iency  of  I  25  tons  on  an  uio 
of   at    leaMl    cfpinl    hardness. 

Mechanical  breakdowns  were  rare,  and  ox- 
cclh'nl  fa«-iliti»»M  for  rapid  disinanlling  were 
a  feature  of  the  dcNign  of  this  ]>an  Modi- 
ficftlioiiH  were  planned  with  the  «ibjccl  of  j>ro- 
viding  the  body  with  an  overflow  and  return 
.Spil7.,  Ko  «•<  to  retain  the  coarse  sand  until 
ground  and  to  eliminate  the  constantly  chok- 
ing xcreon  The  Itiglow  lyi»e  of  pan  wax 
'le«.per.  Iwul  claHMifier  attached,  and  for  this 
r<-.i  on  proverl  more  nalisfactory  for  fine 
work,   especially   for  ainalgaination 
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A  serious  objection  to  the  pans  was  the 
large  quant  it  v  of  scrap  shoes  and  dies 
formed.  To  avoid  breakage  of  driving  gear 
it  was  not  safe  to  run  them  to  a  diminishing 
stage.  The  abrasive  wear  in  the  grinding 
was  in  it.self  excessive.  Inchiding  wastage, 
wear  of  shoes  and  dies  amounted  to  approxi- 
mately -90  lb.  per  ton  milled,  or  five  times 
that  experienced  with  similar  grinding  feed 
in  Rand  tube  mill  practice,  using  semi-cast 
steel  liners. 

Amat,oam\tion-. — Plate  amalgamation  was 
credited  with  tlie  largest  percentage  of  the 
total  gold  recovery.  This  was  supplemented 
bv  recovery  from  blanket  concentrate.  With 
I  lie  presence  of  the  arsenical  sulphide  in  the 
pulp,  the  amalgam  surface  of  the  plates 
would  become  spotted  with  the  characteristic 
lirown  stain  and  begin  to  scour.  Varying 
with  the  quantity  of  this  mineral,  plate 
amalgamation  would  be  affected  and  fre 
(|Uentlv  the  amalgam  "sickened,"  surface 
tension  altered,  and  as  it  was  disinclined  to 
wet  the  plate,  the  pulp  flow  scoured  it  off 
in  the  course  of  a  few  hours.  The  use  of 
cheniicals  applied  as  an  antidote  proved 
inefhcacious.  The  tendency  therefore  was 
toward  the  sub'-t  itution  of  blankets  for  a 
])late  amalgamating  surface  wliicli  refused 
to  remain   t table. 

Amalgamation  in  giindiiig  pans  was  an 
inqxirtant  feature  with  this  ore,  and  experi- 
ence led  to  a  considerable  resj)ect  for  its 
dei)endability.  The  objectionable  feature 
was  a  certain  flouring  of  mercury  and 
amalgam  and  the  danger  of  discharging  col- 
lected amalgam  when  the  pulp  was  allowed 
to  become  too  dense.  Invariably  under  prac- 
tical and  continuous  ojierating  conditions 
amalgam  and  mercury  were  discharged  with 
the  pul])  and  were  traced  to  special  traps 
]ilaced  for  tiie  ])urp()se.  The  Wilfley  tables 
acted  as  an  excellent  and  final  trap.  In  fact 
mercury  gently  nu)ving  forward  in  the 
riffles,  amalgamated  with  any  free  gold 
which  had  e.scaped  the  previous  traps  laid 
for  it. 

"By  giving  greater  attention   to  amalgama 
(ion  in  the  ])ans,  and  by  dealing  with  a  large 
quantity   of  enriched   material    total    amalga- 
mation   increa.sed.      Base    amalgam    was    not 
unconunon    and    required    !j)ecial    refining. 

Amalgamation  tests  were  carried  out  on 
some  50  selected  mine  samples  for  the  pur- 
pose of  ascertaining  if  i)osFible  the  variation 
in  ore  cliaracteristics  in  different  sections  of 
the  mine.  It  was  found  that  with  either 
clean  or  graphitic  ore  the  percentage  of  gold 


amalgfamable  remained  low  on  an  essav  value 
of  7  dwts.  or  less;  above  this  value  it  rose 
rapidly.  The  graphitic  schist  formation 
adjoining  the  walls  of  the  lode  contained  a 
high  percentage  of  mineral  sulphide  of  low 
gold  content.  The  schist  being  of  an  oily 
nature  had  the  distinct  effect  of  dividing 
mercury. 

Pan  amalgamation  in  a  cyanide  solution 
was  practiced  as  a  step  in  the  recovery  of 
gold  from  the  roasted  concentrate.  The 
two  pans  used  were  grinding  and  amalga- 
mating and  were  placed  in  series.  Mercury 
was  only  added  to  the  first,  tlius  employing 
the  second  more  as  a  settler. 

CoNCE.NTRATE  TREATMENT. — All  analysis  of 
the  raw  concentrate  is  here  given:  — 

Cu   trace 

As   4-68 

Sb    055 

Fe   22-26 

Zn   1-50 

S 19-52 

SiO,    46-50 

Considerable  coarse  sand  cla.ssed  as 
middlings  was  included  in  the  concentrate  to 
facilitate  roasting  mechanically  and  to  secure 
a  better  extraction  from  a  high-grade 
material.  Tlie  amount  taken  for  roasting 
varied  according  to  the  capacity  of  the  con- 
centrate treatment   equipment. 

The  roasting  furnaces  were  of  the  Edwards 
sini])lex  type,  i.e.,  only  one  row  of  rabbles 
along  the  straight  line  hearth. 

The  rabbles  in  the  sulphur  burning  and 
tlie  finisliing  zones  were  water  cooled.  They 
became  brittle  after  being  exposed  to  the 
heat  and  gases  for  some  time;  a  certain 
amount  of  ferrous  sulphide  ])robably  was. 
formed,  weakening  the  crystallisation  of  the 
cast  iron.  Consequently  they  broke  easily 
and  from  the  slightest  jar  or  strain.  The 
replacement  of  a  broken  rabble  involved 
partial  cooling  of  the  furnace  and  was  an 
extremely  hot  and  un])leasant  task.  Only 
one  fire  box,  and  this  placed  at  the  discharge 
end,  was  necessary  as  the  concentrate  was 
partlv  self-roasting. 

Push  conveyors  were  in  general  use  for 
transferring  the  hot  ore  from  the  furnaces 
*o  the  treatment  plant.  Considering  the 
flowing  and  dusty  material  which  they 
handled   they   were  wonderfully   dependable. 

Calcination  was  carried  to  practically  a 
dead  roast.  Charging  the  damp  concentrate 
at  the  coolest  point  of  the  hearth,  near  the 
stack,  it  was  gradually  moved  forward  by 
the  tines  of  the  revolving  rabbles  in  a  path 
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of  interrupted  circles.  The  first  20  feet  of 
the  hearth  was  taken  up  in  expelling  mois- 
ture and  heating  the  pvrite  to  the  dissociation 
point :  for  the  next  20  feet  oxidation  of  the 
FeS,  and  the  arsenic  and  antimonv  sulphide 
mineral-;  proceeded  rapidly  and  the  fumes 
were  plainly  xasible  through  the  ob«er\-ation 
and  air  supply  doors.  As  it  approached  the 
discharge,  at  a  point  of  greatest  heat  from 
the  fire-box.  the  roasting  mass  changed  from 
a  cherry  red  to  a  bright  red  and  the  less 
volatile  sulpliates  passed  off.  To  prevent 
sintering  an  excessive  temperature  was  to  be 
avoided,  and  for  this  purpose  the  presence 
of  the  considerable  portion  of  silica  proved 
of  assistance.  Volatilised  arsenic  in  the  form 
of  white  arsenious  oxide  was  condeu'^ed  'n 
•  tn-  derable  quantity  in  the  flues  of  the 
:  iriiace. 

The  roastinff  was  orenerallv  controlled  bv 
ob«er\'ation  and  by  bottle  agitation  tests  of 
(he  roasted  concentrate  with  cyanide  solu 
tion :  the  completene.ss  of  the  roast  being 
judged  bv  the  degree  of  cvanide  consump- 
tion in  the  test.  Carbonaceous  schi«t  was 
'*xi'ii-ed  and  partly  consumed  in  the  fur- 
nace and  lost  its  precipitating  property. 

R^'i'riiiding  the  roasted  concentrate  wa« 
nfc(e.--ary  to  .«ecure  the  maximum  extraction 
of  the  gold.  .whicJi  averaged  95  per  cent. 
The  zinc  shavings  in  the  first  compartment 
of  the  concentrate  solution  extractor  box 
were  often  replaced  bv  a  rich  golden  deposit 
from   the   valuable  effluents    of    the    Dehne 

Sand  Treatment. — The  cla.Hsified  sand  wa-" 

^ven  a  rimple  cyanide  leaching.     Aside  from 

j.rr-ri  nfure  precipitation  of  a  portion   of  the 

,.i    ,.,!,]    }jy    ^},p  graphitic    scliist,     no 

.'Mjlty   wa.H  encountered    in    thi« 

treatment       Fix  tract  ion    fluctuated   with   the 

*  " '  '■  ore.   but    wax   always  low.    the 

^'    in    the    neiKhbourluKid    of     40 

per  rent.      The  roarnene«<«   of   the   .sand   was 

partly    ri^^-pon^ible    for   this. 


Tl. 


.  ,.  I 


'•m  of  the  premature  precipita- 
tion *•  the  •<j>erial  alleiilion  of  the 
maririif^ment  an«J  lerhniral  rtatt  In  ih.* 
'  '  ■  th«»  wi  ■  fully  into 
'»f  a  I  'nt  for  llie 
recoverr  of  the  prematurely  precipitated 
i'ohl  For  tlii"  Tfnonn  th#»  »ubjert  will  onlv 
lie  dealt  with  here  '"<  '.ntlino  To  quote 
from  the  paper.*— 

Tli««  fin»t  po«ilive  liehl  on  the  Nolnlion 
of  »;  v  in   191 1. 

by    ''•        I-  :....:    ^A(\    precipi 

Ut«(l   by   charcoal   or   by    W©<     African 


carbonaceous  schist  was  sohible  in  a  solu- 
tion of  an  alkaline  monosulphide,  for  com- 
mercial reasons,  preferably  sodium  sul- 
phide. Experiments  on  Prestea  ore  at 
once  established  the  applicability  of  the 
discovery." 
The  writer  had  the  pleasure  of  the  develop- 
ment of  this  process.  It  was  found  that 
Na.,S  added  to  the  ordinary  workins:  cvanide 
solution  held  the  gold  in  solution.  Suf- 
ficient had  to  be  provided  to  precipitate  the 
zinc  from  the  working  cyanide  solution  as 
ZnS  and  a  slight  excess  for  other  secondary 
reactions  and  for  the  one  desired.  If  this 
excels  was  not  well  balanced,  the  reducing 
action  of  the  alkaline  sulphide  in  regard  to 
gold  di.^jsolution  began  to  function.  The 
method  was  therefore  discarded  for  the 
simpler  one  of  a  jiost  treatment  with  Na.S 
and  j)recipitating  the  gold  so  dissolved  separ- 
ately by  means  of  copper  shavings.  Not  all 
of  the  caibon  precipitated  geld  was  dissolved 
by  this  solvent;  experiments  established  that 
from  70  to  75%  was  soluble.  The  amount 
actually  recovered  in  the  -and  tieatment  was 
0-47  dwt.  per  ton,  equivalent  to  0  36  dwt. 
per  ton   milled. 

IwEsriGATioN  AND  MODIFICATIONS. — In- 
vestigations into  the  merits  of  finer  grinding. 
a  return  circuit,  and  jireferential  ])an  amal- 
gamation and  closer  concentration,  in  con- 
j unci  ion  with  cyanide  and  sodium  sulphide 
treatment  for  slime,  were  conducted  with  an 
experimental  unit  capable  of  dealing  with 
the  l)ulp  from  five  stamps.  Tl  was  found 
that  a  marked  im])rovempnt  in  total  extrac- 
tion resulted  and  the  slime  ratio  ijicreased 
greatly.  The  rubst  itntion  of  tube  mills  for 
pans  in  purely  grinding  operations  was  in- 
dicated. Simplification  in  amalgamation  wa>< 
also   consiflered    practicable. 

In  the  slime  (rials  it  was  found  (hat  of  (ho 
gold  extracted  one-third  was  in  cyanide 
solution  and  twf)  thirds  in  (jip  sul|)hide  solu- 
tion. VVidi  at-cuinulated  slime  (he  ra(io  of 
extraction  by  Nn^S  was  much  le.ss.  Il 
ajipeared  therefore  that  oxidation  due  to 
weathering  had  affected  the  procipi(a(ing 
power  of  carbonaceous  Hchis(  In  fiJltMing 
the  slime  by  means  of  a  varMiiim  filter  a 
peculiar  feature  way  disclosed  After  a  few 
flayf'  op<Ta(ion  graphitic  Mcalc'<  fornu-d  on 
the  .•surface  of  the  filler  dodi  in  MufTK-ienl 
mant  to  »'criou»«lv  imped«>  filtration  S<tuIi 
binjf  w«H  nereNHnrv  to  di''lodi;(>  (hem  niid 
restore  the  filter  to  normal  permeabilil v 

The  niodificnti»)n><,  coupled   willi  (he  ln>a( 
mcnt    of    the   -lime   outlined    hero,    indicated 
a  pooiiible  incream*  of  extract  ion   (o  91    per 
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cent.  The  exigencies  of  war,  however,  pre- 
chided  their  adoption  "in  toto"  at  the  time. 
The  Prestea  Company  is  to  be  credited 
with  a  commendable  perseverance  in  main- 
taining sustained  metalhirgical  investigations 
wliich  were  fostered  and  supported  through 
the  progressive  spirit  and  sympathy  of  the 
Consulting  Engineer,  Mr.  H.  F.  Marriott, 
and  the  Manager,  the  late  Mr.   W.   Crosley. 

Prof.  G.  A.  Watermeyer  said  lie  must 
ask  those  present  to  pass  a  very  hearty  vote 
of  thanks  to  their  president  for  the  exceed- 
ingly inleresting  and  careful  ])reparation  of 
his  subject.  What  struck  one  was  that 
though  the  ore  treated  was  what  they  con- 
sidered very  high  grade,  evidently  the  dif- 
ficulties of  obtaining  extraction  were  exten- 
sive. 

Mr.  J.  Hayward  Johnson  had  much 
pleasure  in  seconding  the  vote  of  thanks  to 
the  president  for  his  very  able  paper.  He 
was  sure  the  interest  it  would  arouse  would 
be  of  great  benefit,  more  especially  to  those 
members  who  had  to  treat  refractory  ores 
in  other  ])arts  of  South  Africa.  They,  on 
the  Rand,  were  apt  to  pat  themselves  on 
the   back     thinking     they     knew     everything 


about  gold  extraction,  but  he  thought  quite 
a  few  of  them  who  had  been  into  the  outside 
districts  had  come  up  against  nasty  snags. 
The  paper  would  be  of  considerable  assist- 
ance to  anybody  treating  ores  of  a  similar 
nature  to  that  described. 

Mr.  H.  R.  S.  Wilkes,  while  agreeing  en- 
tirely with  the  vote  of  thanks  to  the  presi- 
dent for  his  paper,  said  he  would  like  to 
ask  one  question  with  regard  to  it,  which 
seemed  to  strike  him  as  being  somewhat  per- 
tinent, namely,  what  was  the  reason  for 
using  cyanide  solution  with  mercury,  and 
was  there  any  appreciable  loss  of  mercury 
bv  using  cvanide  solution  ? 

The  President,  in  reply,  said  the  prin- 
cipal reason  was  on  account  of  the  advantage 
of  commencing  extraction  as  soon  as  pos- 
sible. The  treatment  of  the  concentrate  was 
rather  short  and,  instead  of  adding  water 
to  the  pans,  which  would  have  to  be  elimin- 
ated again  bv  some  settling  or  filtering 
means,  the  solution  was  added  to  the  hot, 
dry  mass.  It  may  have  been  responsible  for 
a  certain  amount  of  extra  cyanide  and  mer- 
cury consumption,  but  undoubtedly  it  sim- 
plified the  treatment  and  the  plant  required 


N0TP:S  ox  the  MANTPULATTON  of  OSMIRIDIUM  CONCENTRATE. 


By  R.  A.  Cooper. 


As  a  number  of  assavers  and  others  now 
handle  osmiridium  in  the  ordinary  course  of 
their  duties  it  has  been  thought  advisable  to 
publish  a  note  warning  anyone  concerned  of 
the  danger  of  coining  in  contact  with  vapours 
of  the  volatile  compounds  of  osmium  and 
ruthenium. 

Roscoe  states  that  "Osmium  undergoes 
oxidation  somewhat  readily  when  finely 
divided,  being  oxidised  and  volatilised  when 
heated  in  air  l)elow  212°  and  in  oxygen  below 
170°,  but    not    below    155°. 

"VViien  strongly  heated  in  air,  oxidation 
of  the  comjiacl  metal  also  takes  place,  and 
this  operation  is  attended  with  great  danger 
owing  In  the  formation  of  the  highly  poison- 
ous tetroxide.  Deville  in  this  manner  wa.s 
rendered  almost  blind  for  24  hours  by  liaving 
accidentally  become  exposed  to  the  vajiour  of 
tetroxide.  This  "ubstance  ])roduces  the  most 
violent  pain  and  inflammation  of  the  con- 
junctiva, and  vi'jion  is  permanently  injured 
by  the  subsequent  reduction  of  a  film  of 
metallic  osmium. 


"The  tetroxide  has  a  most  powerful  pene- 
trating smell,  somewhat  analagous  to  that  of 
chlorine  and  iodine.  A  very  small  quantity 
of  vapour  mixed  with  air  attacks  the  lungs, 
giving  rise  to  very  serious  inflammation  of 
the  mucous  membrane.  As  an  antidote  to 
these  effects  Claus  recommends  the  inhala- 
tion of  sulphuretted  hydrogen,  which,  how- 
ever, must  be  cautiously  employed. 

"Osmium  tetroxide  also  acts  violently  on 
the  skin,  causing  a  ])ainful  eruption  which 
can  be  removed  by  the  use  of  sulphur  baths." 

Sir  William  Crookes  says  that  "...  the 
deleterious  effects  of  this  body  (osmium 
tetroxide)  upon  the  lungs  have  not  been 
exaggerated,  and  too  much  care  cannot  be 
taken    to    avoid    inhaling    it." 

Ruthenium  tetroxide  is  not  readily  formed 
from  the  metal  by  heating  in  air,  but  may 
be  formed  by  the  action  of  chlorine  on  solu- 
tions of  potassium  or  sodium  ruthenate  pre- 
pared by  fusing  th?  metal  with  sodium 
peroxide,   ^tc, 
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It  is  stated  to  be  formed  also  when  chlor- 
ates are  added  to  acid  solutions  or  when  con- 
centrated aqua  regia  solutions  are  boiled. 

The  tetroxide  distils  readilv  from  heated 
solutions  when  proper  conditions  obtain. 

The  ruthenium  tetroxide  vapour  has  a 
yellow,  or  reddish  colour  and  an  irritating 
odour  resembling  that  of  ozone  or  nitrous 
fumes.  According  to  Gutbier  and  Rausohoff 
it  does  not  attack  the  mucous  membrane,  but 
cannot  long  be  endured,  and  mav  produce 
severe  symptoms  of  poisoning. 

There  should  not  ordinarilv  be  anv  need 
for  an  assayer  to  heat  osmiridium  concen- 
trates in  the  air,  but  if  anv  such  need  arises 
the  operation  must  be  carried  out  in  a  verv 
well  ventilated  fume  cupboard  discharging  all 
vapours  to  the  outside  air.  The  osmiridium 
concentrates  obtained  on  the  Witwatersrand 
are  slightlv  but  distinctlv  soluble  in  even 
somewhat  dilute  aqua  regia,  and  the  osmium 
contents  of  such  a  solution  are  readily  ex- 
pelled as  osmium  tetroxide  by  even  moderate 
iieating. 

Wlien  concentrates,  after  panning  and 
nitric  acid  treatment  to  remove  the  lieavy 
ar-*-nic.  nickel,  vanadium,  chromium  min- 
eral-, etc.,  are  being  treated  with  aqua  regia 
to  remove  most  of  the  gold,  the  acid  should 
be  very  dilute  and  cold.  It  is  never  advis- 
able to  hold  the  face  over  the  container,  and 
it  i»  necessary  to  conduct  the  operation  in 
fume  cupboards  Aqua  regia  attack  sliould 
never  be  carried  to  extremes  when  cleaning 
up  concentrates,  a.«<,  apart  from  danger  of 
dissolving  o«miuni  there  is  no  clear-cut  limit 
to  the  action  of  the  ari<l  Gold  is  certainly 
dissolved  the  nirr-t  readilv  bv  weak — say 
1  —aqua  regia,  but  as  soon  a.s  a  large  pro' 
;  •  '>n  of  the  gold  ha«  dis'^olved,  action  takes 
j..;i^  I-  on  the  platinum  and  rhodium.  Ap- 
parently the  latter  two  metals  exist  in  these 
ronr«>nlrates  in  the  form  of  an   independent 

■:"' •i.f-v  di.<4solve  together. 

it  ion   of   the  acid    by  evaporation 

'  )ii«i     stage     reitulfff    in    the    solution    of 

;i:  '  '.  ■  •>  of  iridium,  rwmiiim.  aufl 

r  .  .-• 'rtunately     any     of     these 

rarer  metaU  di«<«olved  are  liable  to  be  lout 
a«  their  recovery  is  not  always  possible  to 
tfif  ■  ■'•er  The  aqua  regia  solutions  should 
A.  '<•  eva{Kiraled  to  low  bulk  by  steam, 

diluted   *omewhat,   and    treated    with    a   con- 

fi  f   -    '  '      ••    of  ammonium  chloride  to 

pi-  inuui  and  iridium      After 

24  hours  the  preopitatc  t«  filtered  off  and 
»     '     '         'i   a  fair'  '  iiion  of  am- 

n  '>ride  ;i  obtnin     the 


metals,  while  the  filtrate  is  diluted  and 
treated  with  sodium  sulphite  to  recover  the 
gold.  It  appears  to  be  advisable  generally 
to  leave  about  1%  of  gold  with  the  "osmiri- 
dium" to  avoid  dissolving  much  platinum, 
etc. 

While  discussing  osmiridium  it  may  be  of 
interest  to  note  that  any  estimate  of  the 
osmiridium  content  of  a  sample,  based  on  the 
weight  of  the  material  left  undissolved  when 
the  s:old  beads  obtained  bv  ordinary  methods 
of  assay  are  dissolved  in  dilute  aqua  regia, 
is  liable  to  be  misleading. 

When  a  fusion  is  poured  from  the  crucible, 
metals  of  the  platinum  grouj)  are  all  liable 
to  be  left  to  some  degree  adhering  to  the 
crucible,  as  thev  are  not  all  alloyed  with  the 
lead  but  only  held  meclianically  by  it. 

Hammering  the  lead  button  is  another 
source  of  loss,  while  the  changes  during 
cupellation  do  not  appear  to  have  been  in- 
vestigated quantitatively.  It  would  be 
natural  to  assume  that  osmium  and  possibly 
some  ruthenium  is  volatilised  during  cupel- 
lation, but  it  1*5  doubtful  whellier  this  is  the 
case. 

1  liave  taken  01  gm.  portions  of  the 
granular  osmium  ~  iridium  -f  ruthenium 
metal  free  from  gold,  platinum  and  rhodium, 
and  cupelled  with  silver,  parted  with  nitric 
acid — warmed  with  dilute  aqua  regia — fil- 
tered off  insoluble  metals,  ignited  and 
weighed  them.  One  such  series  gave  the 
weight.^  0138,  Oil  I.  OHO,  and  0  131  gm. 
after  this  treatment;  an  average  gain  in 
weiglit  of  37-.')",,  due  to  oxitlation  of  the 
metals.  Very  prolonged  trealniont  with 
hydrogen  at  a  high  temperature  was  rtquired 
to  reduce  the  material  to  ap])roximalely  it.s 
original  weight. 

With  sucli  material  as  Witwatersrand 
black  sands  Hieavy  «ul])liidps,  etc  )  it  is  ad- 
visable to  take  a  largo  portion  of  tlie  sanij)le 
— say  5()0  grams — dissolve  all  sulphides, 
etc  .  by  fpo<ling  gra<luallv  into  nitric  acid, 
wash  the  residue  well  with  water,  and  de 
compose  silicates  by  hydrofluoric  acid  fol 
lowed   bv  hydrochloric  acid. 

There  remains  a  ^niall  fjuantitv  of  very 
heavy  material,  largely  vanadium  and 
chromiui'i  compounds,  which  is  undecom- 
po'^ed  by  these  reagents,  and  alno  n  white 
powder,  posxililv  diamond  dust.  wlii<'h  latter 
cannot  be  renioved  by  fufion  either  with 
alkaline  curbonnteN  or  with  bisnlphnteii. 
I  The«e  minerals  are  bet-t  removed  by  very 
!     careful   wa'liinf  fioni   beaker  to  beaker  by  a 
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fine  jet  of  water  until   all    "osmiridium"    is 
separated  from   base  minerals. 

Mr.  H.  R.  Adam  said  he  had  a  very 
pleasant  duty  to  perform  in  proposing  a 
vote  of  thanks  to  Mr.  Cooper  for  his  in- 
tensely interesting  note.  It  was  very  inter- 
esting to  hear  that  work  on  these  very  rare 
compounds  was  being  carried  out  here  at 
all.  Mr.  Cooper  evidently,  in  raising  a 
warning,  seemed  to  think  others  were  going 
to  manipulate  them,  and  on  that  account  he 
thought  there  was  only  one  thing  the  author 
could  do — that  was,  to  give  them  much  fuller 
information  on  what  he  had  done  in  the 
matter,  and  he  hoped  it  would  come  along 
soon.  Mr.  Cooper  certainly  must  have  a 
considerable  store  of  new  information  on  the 
subject,  and,  if  they  looked  at  the  names 
quoted  in  his  paper  of  the  other  people  who 
Jiad  been  working  on  these  comjiounds — 
people  like  Crookes  and  Roscoe — they  could 
congrat'ilate  themselves  on  the  fact  that  they 
here  were  doing  work  on  such  subjects.  He 
was  not  prepared  to  discuss  the  paper  from 
the  scientific  aspect  at  the  moment,  but  he 
had  very  much  pleasure  in  proposing  a 
hearty  vote  of  thanks  to  Mr.  Cooper. 

Mr.  H.  R.  S.  Wilkes  remarked  that 
when  tile  question  of  osmiridium  was  first 
publicly  mooted  many  assayers,  like  him- 
self, naturally  wanted  to  get  all  the  data 
they  possibly  could.  He  had  had  the  privi- 
lege of  reading  a  circular  issued  by  the  Tas- 
manian  Government  on  osmiridium.  Natur- 
ally he  read  it  with  avidity,  but  found  abso- 
lutely no  information  in  it  useful  to 
them,  with  an  occurrence  of  iridosmine  such 
as  they  have  here.  Tt  spoke  of  Point 
iridium  which  he  believed  was  the  great 
sjieciality  in  Tasmania,  but  he  could  find  no 
])ossibl_e  information  as  to  the  most  economi- 
cal way,  or,  in  fact,  any  ])ractical  way,  of 
separating  osmiridium  fiom  the  Rand  ore. 
Me  spent  some  few  months  on  one  of  the 
central  mines  and  received  from  lime  to  lime 
from  the  smelter  small  quantities  of  con- 
centrates recovered  from  black  sands  which 
wcie  described  as  ])latinum  and  iridium 
concentrates.  He  treated  small  quantities  to 
endeavour  to  obtain  as  pure  an  osmiridium 
])roduct  as  ])ossible.  A  ])reliminary  muffle 
roasting  at  a  low  temperature  to  oxidise  the 
])y rites  always  gave  off  a  very  offensive 
vapour  wliich  he  now  knew  to  be  osmium 
tetroxide.  Fortunately  he  always  took  the 
juecautinn  of  isolating  the  roast  till  it  cooled 
or  he  miglit  have  been  among  the  number 
of   the   unfortunates   attacked    with   eve   and 


lung  trouble,  and  he  thought  that  if  onlv 
for  the  warning  Mr.  Cooper  had  given  them 
his  paper  was  of  great  value.  It  appeared 
to  him  that  there  was  very  little  knowledge 
at  all  on  the  treatment  or  metallurg:v  of 
Osmiridium  as  they  found  it  in  the  ore 
here,  and  it  was  exceedingly  refreshing  to 
find  they  had  a  gentleman  among  them  who 
was  able  to  give  them  information  which, 
anyway,  speaking  personally,  was  quite  new, 
and  which  could  not  be  found  in  any  text- 
book he  knew  of,  and  which  gave  them  some 
sort  of  a  practical  basis  to  work  on.  He 
sincerely  trusted  Mr.  Cooper  would  elaborate 
some  safe  and  complete  method  as  far  as  he 
could,  and  that  he  would  give  them  the 
benefit  of  it  so  that  they  might  know  how 
to  treat  osmiridium  as  they  found  it  here. 
He  was  sure  every  assayer  in  the  country 
would  look  upon  Mr.  Cooj^er  as  a  benefac- 
tor. He  had  great  pleasure  in  seconding 
the  vole  of  thanks. 

Mr.  Jas.  Gray,  in  supporting  the  vote 
of  thanks  to  Mr  Cooper,  thought  the  note 
might  also  go  before  the  Safety  First  Com- 
mittee, presenting  as  it  did  a  further 
example  of  occupational  disease. 

He  would  like  to  associate  himself  with 
the  remarks  of  the  other  speakers  with 
reirard  to  the  desirabilitv  of  further  infor- 
nuition  being  jjublished  on  the  subject, 
especially  from  the  analytical  point  of  view 
Mr.  Cooper  liad  brought  matters  relating  to 
these  concentrates  before  their  notice  on  a 
previous  occasion,  and  he  would  be  extreme- 
ly 2)leased  if  some  information  about  the 
analytical  methods  which  should  be  adopted 
in  carrying  out  investigations  on  the  con- 
centrate were  given  for  the  benefit  of  those 
interested.  Whenever  he  had  had  occasion 
to  examine  the  analytical  literature  relating 
to  metals  contained  in  these  concentrates 
lie  had  been  absolutely  bewildered  by  the 
variety  of  metliods  suggested.  He  hoped 
Mr.  Cooper  would  complete  his  contributions 
on  the  subject  by  adding  a  third  on  the 
methods  of  analysis  of  tliis  osmium  and 
iridium  coricentrate  as  obtained  on  the 
Witwatersrand,  and  he  ])ersonally  hoped 
tiiis  would  he  forthcoming  at  a  very  early 
date. 
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.VOTES  ON  TECHNICAL  METHODS  OF 
ANALYSIS:      SOME     NOTES     ON     RE- 
ACTIONS OF  THE  XANTHATES. 


Bv  A.   Whitby  and  J.   P.  Be.\kdwood. 


(Printed  in   Jouriinl,   May,    1921.) 
REPLY    TO    DISCUSSION. 

Mr.  A.  Whitby:  In  the  ordinary  way 
there  is  reallv  nothing  to  replv  to.  It  is 
possiblv  because  we  did  not  invite  destructive 
criticism.  It  is  an  unfortunate  fact  that 
this  is  the  portion  dealt  out  to  many 
chemistry  papers  read  before  this  Society 
by  younger  members.  I  think  all  contri- 
butions which  embody  certain  elements  of 
truth  should  be  welcomed  and  not  discour- 
aged. The  only  remark  .<avouring  of  criti- 
cism comes  from  Mr.  F.  \V.  Watson,  in  which 
he  questions  the  solubility  of  ferric  arsenate. 
Now  we  have  examined  quite  a  number  of 
ther:e  ores  carr\-ing  cobalt  and  sometimes 
nickel  by  Low's  method,  and  have  invariably 
found  the  arsenic  and  iron  in  the  ammoniacal 
Holution :  not  in  small  amounts  but  in 
quantity.  The  only  authority  dealing  with 
this  is  Comev-  He  describes  two  ferric 
arsenates,  the  normal  and  the  acid  salt.  The 
former  is  "tated  to  be  soluble  in  ammonia 
when  freshly  precipitated,  and  the  latter  is 
soluble  in  ammonium  arsenate,  other  am- 
monium valt.s  and   ammonia. 

There  i.«  one  little  correction,  or  rather  an 
omiM^ion,  in  the  note  on  xanthales.  In  giv- 
ing an  outline  of  a  method  for  dealing  with 

iiese  complex  ores  it  is  recommended  to  dis- 
solve in  aqua  regia.  but  it  is  evident  that  the 
nitric  acid  mutt  be  ."ubsefjuently  removed  by 
^%'aporation    to   drynes.n     with     more     hydro- 

'iloric  if  nere».«arv. 


A  RESl'MK  OF  HTANDAKh  METHODS 

IN       SAMI'LlNf;.       ANALYSIS.       AND 

CLASSrFICATION    OV    COAL 


Hv  A     Trevor  Williamh.   M  Sr  .   HA. 


{t'rutlnt   tn   .1 


Jul,,,  rj2i  ) 


DIMCUHHIOV. 

Mr.  W.  Andtrton:  My  cnlicidm  on   Mr. 

^'  .itrrrt*-*!    main  I*. ■•'imI 

<  bv  him  for  the  ng 

of  coal 

r  •  ' '  '   ''■'     «how«  « 

M  «•     of       ill*" 

-irnple  iincj  Ihr  lArgr^it  piece  of  foreign  m«t- 
"f;  the  table  Apiiearn  lo  me  to  be  iinneren- 


sary.  First,  from  my  experience  it  is  im- 
possible to  find  or  to  determine  the  largest 
piece  of  foreign  matter  in  a  consignment  of 
coal,  unless,  of  course,  the  coal  has  been 
spread  out,  and  then  carefully  sorted. 
Second,  the  suggested  weight  of  coal  to  be 
taken  for  the  sample  is  not  possible  in  prac- 
tice, as  a  sample  of  39,0001bs.  of  coal  is  un- 
manageable, unless  special  apparatus  is  used, 
and  901bs.  is  inadequate  if  accuracy  is  de- 
sired. 

The  author  again  states  on  page  2,  with 
regard  to  the  size  of  the  sample,  thus: — "It 
should  be  assumed  that  the  smallest  weight 
is  l.OOOlbs.  for  bulks  weisfhins:  about  100 
tons." 

In  everA-day  practice  it  will  be  found  that 
l.OOOlb^-.  of  coal  is  unwieldly,  and  it  is  ques- 
tionable if  a  large  quantity  of  coal  like  this 
could  be  tlioroughlv  mixed,  and  as  mixinsr 
is  one  of  the  main  bases  in  accurate  sampling 
an  unrei)resentative  sample  would  probably 
be  the  result.  I  have  found  that  SOOlbs.  of 
coal  is  about  the  maximum  quantity  that 
native^;  can  thoroughly  mix  by  means  of  a 
shovel.  It  lias  also  been  shown  that  a  200 
to  3001b.  sample  accurately  represents  ,50  to 
100  tons  of  coal,  but  in  important  instances 
for  great  accuracy  two  samples  of  200  to 
SOOlbs.  may  be  taken.  This  would  give  a 
more  accurate  result  than  one  ^amj^le  of 
l.OOOlbs.  ;  it  could  be  more  effectivelv  mixed, 
and  would  also  result  in  a  great  saving  of 
labour.  A  recent  instaiue  wliirli  proved 
that  the  200  to  3001b.  sample  was  accurate: 
A  certain  truck  containing  40  ton.s  of  coal 
was  sampled  by  a  chemist  ;  two  days  later  tli" 
same  truck  was  sam])led  by  another  one; 
when  the  values  as  a  result  of  the«e  samples 
were  checked,  both  the  moistures  and  the 
calorific    values    agreed    exactly.  1      may 

state  that   this    is    not     an    isolated    in^-tamv. 
as   I   have  known   it   to  occur  many  times. 

The  method  of  taking  a  sample  bv  means 
of  niiMiing  n  hIiovcI  along  the  bottom  of  an 
open  truck  cannot  be  regarde<l  as  a  correct 
ii'dhod  in  practice,  because  after  the  ( rn<"k 
ha^  been  opened  llie  larger  pieces  ol'  cniil 
fall  down  the  hl(i|te  on  the  floor  of  the  truck, 
loHviiig  the  sinnller  coal  on  the  lop  iuhI  on 
■  hIho  fine  coal  and  dirt  from  jtie 
iiig  will  be  (jbtained  The  KHiiipIo 
therefore  could  conlnin  an  excef«ivc  ])ropor 
lion  of  large  conl.  which  the  aiilhor  pre- 
viouxly    ^laloM    should    be    avoided 

The  melhfMl  of  holding  n  Kcoop  in  n 
Ml  ream  of  conl  falling  out  of  a  truck  does  iinl 
(ippenr  to  be  correct,   in   prnclice  it    will   b« 
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found  that  the  large  lumiJs  of  coal  fall  off 
the  shovel  and  so  are  lost,  au  unrepreseuta- 
tive  proportion  of  smalls  resulting. 

Jli/te  Sampling. — I  fail  to  understand  how 
the  method  given  by  Mr.  Sinnatt  for  mine 
sampling  is  carried  out;  in  practice  it  is 
verv  rare  to  find  the  face  of  a  seam  level  or 
flush,  in  fact  in  most  cases  it  is  very  irregu- 
lar, and  to  obtain  a  pillar  as  described  from 
an  irregular  face  would  be  difficult,  unless 
the  sampler  had  unlimited  time  to  «pend  in 
the  taking  of  one  sample.  Usually  a  large 
number  of  samples  are  required,  especially 
in  the  complete  sampling  of  a  mine.  It  is 
obvious,  therefore,  that  the  sampler  would 
find  it  very  difficult  to  carry  about  with  him 
when  underground  lar^e  boxes  suitable  for 
this  operation,  especially  when  14  feet  seams 
have  to  be  taken. 

In  the  Appendix. — A  description  is  given 
of  how  large  unscreened  coal  is  sam])led  by 
a  method  of  grading.  It  states: — "Separate 
about  A  ton  into  two  heaps,  one  coiitaining 
the  large  the  other  small,  in  order  to  ascer- 
tain  their  respective  percentages  of  weight." 
It  then  continues  to  describe  how  each  heap 
is  treated  separately.  I  fail  to  understand 
how  a  proper  grading  can  be  carried  out 
without  the  use  of  a  screen,  and  again,  as 
the  method  is  intended  for  practical  use, 
why  double  the  amount  of  labour  unneces- 
sarily ?  I  may  point  out  that  the  usual  ])rac- 
tice  carried  out  here  with  this  ])articular 
class  of  coal  is  to  crush  the  whole  sample. 
quarter  it  down  in  the  ordinary  way,  and 
then  send  only  one  sample  to  the  laboratory. 
This  does  away  with  the  two  samples  as  sug- 
gested. 

S/nnp/inf/  of  Larr/e  Screened  Coat. — Mr. 
Williams  gives  the  following  method  for  the 
samj)ling  of  this  class  of  coal.  "The  best 
];lan  is  by  carefully  inspecting  a  consign- 
ment of,  say,  10  tons,  to  pick  out  fairly  re 
presentative  pieces  to  the  extent  of  about 
10%.  These  pieces  should  then  be  broken, 
and  again  bv  a  further  selection  about  10% 
separated  from  the  bulk.  This  smaller 
sample  should  be  further  broken  and 
thoroughly  mixed,  after  which  a  final  sample 
of  about  lOlbs.  can  be  selected  for  the 
laboratory." 

I  would  at  once  condemn  a  method  of 
sampling  which  relies  on  picking  or  dis- 
criminating while  taking  a  sample.  It  is 
plain  that  the  human  element  becomes  a 
factor  by  this  method,  and  two  samplers,  if 
oppositely  influenced  by  their  personal 
interests  could  easily  obtain  widely  differing 
values.     The  inaccuracies  of  the  method  are 


continued  in  the  reducing,  for  it  states  that 
the  sample  must  be  reduced  bv  a  process 
of  selection.  I  therefoi'e  cannot  see,  in  view 
of  the  obvious  inaccuracies  that  may  be  in- 
troduced, how  the  method  can  be  recom- 
mended as  a  practical  means  of  ascertaining 
the  value  of  coal. 

Grading  the  Sample. — A  table  is  given  on 
page  17  which  shows  the  sizes  that  the 
laboratory  sample  must  be  divided  into  to 
obtain  correct  results.  The  author  states 
that  the  ordinary  method  of  mixing  a  201b. 
laboratory  sample  does  not  give  a  true  result. 
He  says:  "It  is  quite  impossible  to  take  the 
two  ground  calorimater  samples  from  any 
part  of  the  201b.  head,  and  be  sure  that  they 
fairly  represent  the  bulk."  To  carrv  out 
this  method  of  treating  the  laboratory 
sample  entails  about  four  times  the  amount 
of  work  that  the  ordinarv  method  of  quar- 
tering would   do. 

The  principle  of  breaking  up  the  sample 
into  different  sizes  is  bad,  as  in  the  remixing 
at  the  end  of  the  process  a  tremendous 
amount  of  extra  work  is  necessary  to  ensure 
that  the  coal  has  been  thoroughly  mixed. 
There  is  also  present  the  liability  that  with 
some  operators  coal  once  separated  may  not 
again  be  mixed  as  in  the  original  sample.  It 
has  been  my  experience  that  representative 
samples  may  be  obtained  from  the  original 
201bs.  by  means  of  quartering,  etc.,  as  de- 
scribed in  the  standard  method.  I  would 
feel  more  sure  of  obtaining  accurate  results 
bv  using  the  standard  inethod  than  the  one 
proposed  by  Mr.  Williams,  as  owing  to  its 
simplicity  there  is  less  likelihood  of  making 
a  mistake;  with  the  additional  knowledge 
that  the  sample  has  probably  been  better 
mixed. 

I  have  myself  separated  a  sam])le  of  about 
201bs.  into  two  portions,  reduced  each  separ- 
ately by  means  of  the  quartering  method. 
The  calorific  values  obtained  for  each  por- 
tion were  found  to  agree  closely. 

To  substantiate  this  I  may  state  that  the 
process  is  carried  out  every  day  on  the  Rand, 
and  it  has  been  ])roved  that  reliable  results 
are  obtained  from  the  quartering  method 
without  resorting  to  a  more  complicated  and 
expensive  system,  which,  in  my  opinion,  is 
less  reliable  and  has  little  or  nothing  to 
guarantee  successful   results. 

C'nnchision.  —  In  designing  sampling 
methods,  to  be  extensively  used  with  little 
or  no  instruction,  and  often  by  persons  not 
thoroughly  acquainted  with  the  principles 
underlying      the     operation,     it    is    without^ 
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doubt  neces-ary  that  they  should  be  as 
nearly  fool  proof  as  possible  while  in  con- 
scientious but  perhaps  inexperienced  hands. 
Complications  should  be  avoided  even  at 
the  expense  of  prolonging  the  operation. 
Mr.  Williams  seems  to  be  working  on  exactlv 
the  opposite  lines  to  the  practice  in  this 
country  where  simplicity,  accuracy,  and 
cheapnes.«  are  points  we  give  full  considera- 
tion to  when  designing  either  methods  or 
apparatus.  It  must  not  be  assumed,  how- 
ever, that  we  sacrifice  accuracy  to  either 
simplicity  or  cheapness;  all  three  have  equal 
consideration. 

REPLY    TO    DISCUSSION. 

Mr.  A.  Trevor  Williams:  In  perusing 
Mr.  liraidwood-  -piiiteU  cmici^m  of  mv 
paper  it  occurred  to  me  to  question  the 
nature  and  character  of  the  spirit,  certainly, 
not  a  cliivalrous  or  a  .-cientific  one  could  have 
actuated  his  attack  on  the  work  of  trained 
"Cienti.'ts  in  the  derisive  manner  he  has  done. 
He  refers  to  liis  criticism  as  destructive: 
he  has  certainly  criticised  established  methods 
of  .sampling  and  other  determinations,  and 
-  •  --  I  to  metliods  of  his  own  which  are 
•'Uf>erior,  but  are  not  for  publication. 
Is  thi.s  fair  tilting?  Let  him  bring  forward 
his  own  methods  for  counter-criticism.  To 
make  a-^.sertions  and  .sacrifice  the  more  cul- 
tured methods  of  expression  does  not  aid  in 
the  ''earch  for  progress. 

I  agiee  that   my  paper,  like  many  others, 

ha«    largely    \)een    written    on    other   people's 

•       '-rience,  and  I  have  a."cribed  to  such  their 

credit,      I    have,    however,     done    much 

■■'<    in    te>'tiiig   the    various   nietluKJs   advo 

rated,   and   convinced  myself  of   their   relia- 

■   ill  this  ronvir-fion  found  ]>Ieasiire 

■^  the  material  forming  the  paper, 

work     of     redundance    probably,    in    the 

'     'em   of    Mr     Braid  wood 

The  meth'Kjn  in   vogue  in  South  Africa  to 

determine    the    commercial      valuer     of     the 

r-oaN  have  not   l>een  questioned,  and 

'-'    ••■'-   written    a««   a    rcMumQ  of    llie 

ed   an  MtandardH   by   fueliotn  in 

hriiain,   America  and   Germany — and     from 

'  *orlti  ),    ■'       -  were  riilled.   and 

I  .i|«       re   •  !.•  Herordn       of 

Mr  Kraidwood'*  inveiiti|i^alion<i  and  nielliodH 
*ere  not  known  or  available  to  me,  •»/»  no- 
tbinjf  of  hi«  w»>rk  ban  l>een  in)ierted  Thi* 
i»  to  >ie  denlored,  tut  evidently  from  hi*  »«lal« 
menf"  and  if  he  wan  at  lil>ertv  to  diM-hxie 
»),«.  r,  .,|||,  of  hi*  \h\K)UT'  -•■f-rl  fuelixt*  in 
would   probably  much  ffftin. 

it  would  b«  rtJih  to  infer  thtl   the  miny 


problems  pertinent  to  the  peculiar  character 
of  South  African  coals  and  their  economic 
utilisation  could  be  completely  solved  along 
lines  of  recent  investigations — to  which  I 
have  appended  references — yet  these  refer- 
ences should  be  of  considerable  value  in  in- 
dicating the  lines  of  attack  of  much  work 
that  probably  yet  remains  to  be  done. 

Referring  to  the  nitrogen  determination, 
the  elaboration  of  which  point  was  made  an 
occasion  for  petty  sarcasm  by  Mr.  Braid- 
wood,  he  apparently  cannot  understand  why, 
after  an  ultimate  analysis,  it  is  further 
necessary  to  make  a  nitrogen  determination. 
It  may  be  pertinent  to  point  out  that  in  the 
first  stage  of  a  carefully  conducted  ultimate 
analysis  of  coal  the  figures  for  C  and  11  only 
can  be  deemed  as  reliable,  the  gaseous  residue 
is  a  mixture  of  O  and  N.  The  German 
fueli-t  concerns  himself  leO  with  the  total 
nitrogen  present  in  coal  than  with  that  por- 
tion of  i(,  usually  less  than  50%  of  the  total, 
which  is  recoverable  as  bye-product,  hence 
my  emphasis  of  this  point.  I  might  state 
that  on  the  occasions  that  I  have  met  fuelists 
in  England  who  have  been  commissioned  to 
investigate  South  African  coals  T  have  in- 
variably found  them  imjjiessed  with  their 
high  nitrogen  content. 

In  Britain  as  ])robably  in  South  Africa 
until  recently  it  was  "assumed"  that  the 
work  on  coal  by  the  "simple  and  effective" 
methods  in  use  was  satisfactory,  but  since 
1919  it  has  been  found  that  facts  differ  from 
these  intelligent   assumptions. 

With  regard  to  the  l.OOOlbs.  sample  ro 
ferred  to,  of  course  it  must  appear  large  to 
such  as  are  used  to  sniall  samples,  but  it  is 
the  weight  ariived  at  after  mathematical  in- 
v«-ligation  by  Mr  Hailey.  an  American 
^pe<•ialist  of  wide  repute,  and  if  it  is  an 
absurdity  it  is  Bailey's,  and  the  onus  is  on 
Mr  Braid  wood  lo  prove  that  a  l("!ser 
amount    can    be    representative   <if    the    bulk. 

In  regard  to  reduction  of  sample  the 
Thomas  apparatus  referre<l  to  will  no  doubt 
prove  rpiile  effe<-tive  for  (piarteiin;,'  llie 
important  point  of  mixing  so  tliat  llu-  sample 
i*  teprenentativp  of  the  wliole  in  not  ho  clear. 

A*  Mr  Sinnatt,  out  of  his  wider  experi 
erice  a*  Director  of  the  Lancashire  and 
('herthire  Coal  Owner 'h  Ke-'ennh  Laboratory, 
ix  better  able  to  auKwer  Mr  Braid wo«»d'M 
critiri»<m  of  thin  part  of  my  papi-r.  it  was 
referred    to    him    for    a     reply  Tin-     .Mr 

Sinnatt    ha*   kindly  done,   and    Iun  conlnbu 
lion   i<<  nit  ached 

Meanwhile   an   one   having    met    a    few    fel 
low   rr*iearch   men   and   wludied    the  views  of 
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others  I  feel  sure  they  will  welcome  the 
publication  by  Mr.  Braid  wood  of  his 
methods  of  'Sampling  and  Analysing 
Coals,"  which,  as  he  states,  gives  "marvel- 
lously accurate  results  at  a  minimum  of 
labour  and  expense,  etc.,  saving  time  and 
reducing  appaiatus  without  sacrificing 
accuracy,"  all  of  which  is  much  desired. 

In  conclusion  I  thank  Mr.  Braid  wood  for 
stirring  up  interest  in  the  subject  of  my 
paper. 

Mr.  F.  S.  Sinnatt,  M.B.E.,  M.Sc.(Tech), 
F.I.C.,  M.I.Min.E.  :  In  the  course  of  his 
remarks  on  Mr.  Trevor  Williams'  admirable 
paper  on  "A  Resume  of  Standard  Methods 
of  Sampling,  Analysis  and  Classification  of 
Coal"  Mr.  J.  Q.  Braid  wood  makes  a  num- 
ber of  criticisms  on  work  carried  out  by 
myself.  He  evidently  has  not  read  my 
]ta])ers  or  bulle#ns,  and  ba'-es  his  remarks 
u])on  the  brief  extracts  given  by  Mr.  Trevor 
Williams.  The  paper  by  Mr.  Trevor 
Williams  was,  of  course,  a  resume  of  the 
subject,  and  fuller  extracts  of  the  various 
features  of  his  review  ^vould  have  been  out 
of  place  where  the  matter  was  being  dealt 
with"  on   broad  lines. 

Mr.  Braidwood's  remarks  are  in  the  nature 
of  desiructive  criticism,  and  are  not  sup- 
ported by  constructive  research  work.  In 
view  of  the  fact  that  certain  of  his  criticisms 
would  be  modified  if  he  had  read  the  original 
papers  the  following  additions  to  Mr.  Trevor 
Williams'  papers  are  given  and  where  pos- 
sible the  remarks  of  Mr.  Braidwood  are 
dealt  with  :  — 

Mr.  Braidwood  states  that  because  I  re- 
marked that  a  sample  must  contain  the 
pioper  ]iroj)orlion  of  small  and  laige  coal 
and  small  and  large  impurities  it  is  inferred 
that  small  coal  is  inferior  in  calorific  value. 
No  such  inference  could  possibly  be  drawn 
from  my  remarks,  and  it  is  common 
knowledge  that  with  certain  seams  th<^ 
fines  are  better  than  the  coarse  material. 
The  object  of  sampling  is,  however,  to 
obtain  a  sam])le  which  is  representative  of 
the  whole,  whether  large  or  small  coal  or 
large  or  small  impurities.  Mr.  Biaidwood's 
humorous  and  caustic  comments  on  the  sub- 
ject of  the  39,0001b.  sample,  as  he  will 
admit,  are  quite  absurd  and  misleading  to 
the  industry,  and  prove  that  he  has  failed 
to  read  or  appreciate  the  classical  paper  by 
Bailey  on  Sampling,  who  gives  the  figure 
39,()00!bs.  in  order  to  indicate  on  theoreti- 
cal grounds  what  a  great  weight  the  sample 
must    be   if   the   pieces    of    impurity  present. 


exceed  a  certain  weight.  The  figure 
(39,0001bs.)  is,  of  course,  only  part  of  the 
table  worked  out  by  Bailey  to  show  the 
relationship  existing  between  the  weight  of 
the  sam])le  and  the  size  of  the  individual 
pieces  of  iinjnirity  so  that  the  error  in 
sampling  should   be  reduced  to  a  minimum. 

Mr.  Braidwood  next  attacks  the  method 
I  have  adopted  for  carrying  out  investiga- 
tions of  eeams  of  coal.  The  method  consists 
of  cutting  a  pillar  of  coal  from  the  seam 
and  having  it  transported  to  the  laboratory. 
In  describing  this  ])rocess  I  state  that  the 
sample  only  '"represents"  a  seam  of  coal  and 
that  a  pillar  should  be  obtained  whenever 
a  visible  change  in  the  "?eam"  occurs.  I 
add  (in  the  Bulletin  on  Sampling),  how- 
ever, that  "the  results  obtained  by  the 
analysis  of  such  samples  combined  with 
routine  analyses  of  tlie  output,  enable  the 
colliery  to  keep  a  complete  check  on  the 
process  of  purification  of  the  coal  and  on  the 
complaints  of  consumers." 

Mr.  Braidwood  will  see,  therefore,  that 
the  examination  of  the  seam  is  quite  distinct 
from  the  valuation  of  the  ouljiut  of  a  coal 
mine. 

Mr.  Braidwood  states  that  this  method  of 
examination  is  the  "most  un])ractical  and 
unnecessarily  expensive  method  of  sampling 
a  seam  that  I  should  think  it  would  be  pos- 
sible to  imagine,"  and  I  think  in  making 
these  remarks  that  he  passes  the  bounds  of 
fair  criticism,  especially  when  the  quotation 
from  my  bulletin  was  incomplete  and  he  evi- 
dently had  not  read  it  in  the  original. 

The  experience  gained  by  me  may,  how- 
ever, be  of  value  to  many  collieries  in  South 
Africa,  and  the  following  additional  details 
are  submitted  :  — 

According  to  a  number  of  returns  the 
cost  of  such  pillars  of  coal  varies  from  £1 
to  £3.  A  good  collier  can  easily  obtain  such 
a  section  in  a  shift,  and  it  is  usually  sent 
up  with  the  ordinary  coal  in  a  box  packed 
in  fine  coal.  Over  twenty  seams  have  been 
and  are  being  examined  at  intervals  in  this 
manner,  and  the  examination  will  continue. 
The  importance  of  such  an  examination 
cannot  be  entered  into  in  detail  here,  but 
in  the  writer's  opinion  it  is  the  only  manner 
in  which  a  seam  can  be  investigated,  and 
as  will  be  gathered  the  cost  attached  to  ob- 
taining such  a  sample  is  a  relatively  small 
item. 

It  may  be  added  that  the  writer  is  at 
present  carrying  out  an  investigation  upon 
a  seam  of  coal  sent  from  South  Africa  to 
the  home  country  for  examination. 
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At  a  later  stage  Mr.  Braidwood  states 
that  he  does  not  agree  that  a  sample  weigh- 
ins  401b5.  should  be  sent  to  the  laboratory. 
Xo  suggestion  that  a  sample  weighing  401b&. 
should  be  kept  is  made,  but  it  is  considered 
that  it  is  ad\-isable  that  the  chemist  con- 
cerned, with  the  analysis  of  the  coal  should 
have  the  opportunity  of  carrying  out  or 
super\'bing  the  final  stages  of  the  sampling 
process.  In  the  paper  bv  Bailev  it  is  shown 
on  mathematical  grounds  that  the  size  of 
the  particles  during  sampling  are  a  direct 
function  of  its  weight,  and  if  the  sample 
falls  below  401bs.  in  weight  the  size  of  the 
panicles  should  be  so  small  that  it  is 
troublesome  to  carr\-  out  the  final  stages  of 
the  sampling  process  at  the  point  where  the 
sample  is  obtained.  Before  the  final  weight 
of  about  lib.  is  oVjtained  the  material  should 
have  been  crushed  so  that  it  would  pass 
through  a  sieve  of  about  8  meshes  to  the 
linear  inch. 

Mr.  Braidwood  states  next  that  the  ag- 
glutinating curve  which  he  designates  "hit- 
or-mi.ss"  does  not  commend  it.^elf  to  him. 
It  is  evident  that  Mr.  Braidwood  attache.-^ 
*.rj'  little  importance  to  the  agglutinating 
jMjwer  of  coal.  In  the  light  of  modern 
methods  of  carbonisation  and  combu.'^tion  of 
coal  the  agglutinating  power  appears  to  be 
a  cliarai-teri'^tic  of  coal  of  the  most  vital  im- 
potrance,  and  ahhough  the  method  of 
mea.turing  the  caking  power  is  only  accurate 
to  about  one  unit  it,  nevertheless,  places  in 
t* -■  ^  -d."?  of  the  u.-er  values  of  tlie  very 
t'  technical   interest.      Mr.   Braidwood 

'  no  doubt  well  aware  that  the  greatest  im- 
p'^rfaii'**   i.H   atlar|ie<J    to   this   value   b'>tli    on 
tli«-    <'"tiiinent    and    in    the    Home    Couiilry 
lie  further  add.<*  the  following:    "1   think 
we  init'ht  devi«*  a  l>etter  method  if  wf  had 
'he    money    and    time    to  hpend    on    research 
iiat    the   people   at    Home  Keem     to    have." 
T\\c   writer   ho[)en   thai    \\ie'*e    opporluiiilie-i 
will   l>e  jfiven  to  Mr.    MraidwrxKl  in  tlii*  near 
fM''ir^.    t^l^    nnrU    a    inetli'Kl    of    determining 
iitinatinf(  value  an  he  MiyN  he  could 
'I  '  t    »         •    •'  •     f     value    to 

A*i   to   the 

'ml   of   carrying   out    the    reitearrli,    in    one 

'   '  I    It    workx  out    at    alniut    one  fiflit'llt 

f  a  |H-iiny  |H?r  ton  of  roal   rai^od   in 

I.   whirh   Mr     HraidwfMKi   will  «iurely 

I  r   an    unreasonable     rliarjfc     for 

'•  .^  .  ^  4e«rrh 

Tbr   writer   lio|>«ji   frnm    to   hear   that    llir 

in   8outh    Afrira    have  joinefj    lo- 

griiiAr    AHf]  or|faniiie«J   •   re«earrli   aimoriation 


to  enquire  into  the  properties  of  South 
African  coals.  From  the  experience  the 
writer  has  gained  of  the  coals  of  South 
Africa  it  would  appear  that  thev  possess 
special  properties,  and  as  the  writer  under- 
stands that  they  are  being  placed  on  the 
world's  markets  a  knowledge  of  their  chemi- 
cal properties,  including  the  agglutinating 
properties,  becomes  of  the  greatest  import- 
ance to  the  coal  field  of  South  Africa  and 
the  industrial  world  in  general. 


THE  ACIDITY  OF  MINE  WATERS. 


By  F    W.  Watson  and  R.  A.  Cooper. 


(Printed  in  Journal,  Stptemhtr,    1921.) 
DISCUSSION. 

Dr.  J.  Moir:  The  particular  importance 
of  this  vahiable  investigation  lies  in  the  de- 
monstration of  the  order  in  whicli  tlie  acidic 
impurities  of  mine  water  are  precipitated  by 
alkali.  If  the  Reef  had  consisted  entirely 
of  quartz  with  the  usual  proportion  of 
pyrites,  all  mine  waters  would  have  been 
very  acid,  yet  the  problem  of  neutralising 
them  would  have  been  very  easy,  since  only 
two  ingredients  (iron  sulphate  and  free  acid) 
would  have  required  attention.  In  reality 
the  free  sulphuric  acid  has  been  imperfectlv 
converted  into  salts  of  lime,  magnesia, 
alumina,  manganese,  and  sodium,  and  the 
problem   is  quite  complicated 

In  my  opinion,  however,  I  In-  prohloin  of 
corrosion  of  iron  and  other  metals  under- 
grf)und  floes  not  wholly  dej)ond  on  acidity, 
but  in  ))art  depeinls  on  direct  action  of 
ferric  sul|)hate  (without  acid)  on  metallic 
iron.  Some  experiments  I  did  for  the 
Engineers'  Society  about  1004  seomed  to 
show  that  the  acidity  required  lo  corrodo 
iron  rapidly  is  much  hi^hr-r  than  I  ho  acidilx 
of  any  mine  walor.  The  aiitiiors  would  i\n 
a  good  Hervice  to  the  mining  industry  if  thev 
would  reinvestigate  Ihis  point  bv  comparing 
the  action  of  mine  water  on  difTercnt  kin<l-< 
of  iron  and  steel  with  I  he  action  of  |)hiin 
Hulphiiric  Hcid  made  to  (he  same  hvdrion 
concentration   as   the   mine   water. 

Ah  re^arcN  fmdinjr  ihr  fmn  n  tfim  i  tm  nf 
of  a  mine  water  I  Nhouhl  like  to  |ioint  out 
that  the  new  indi«-/ilor  "  Uronilhymolblur" 
CHrili-^h  l>rug  IIoumoh.  IAiI  )  appe/irs  to  Ix^ 
lliffirflicHJIy  perff'-i  for  iImm  pur|)r)<i(>  if  uxod 
exlernally  on  a  Npol  plate.  It  ii  mo 
cirreol    l)inn   melhvlred 
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COAL    PILLAR    EXTRACTION    FROM 

TWO  SEAMS,   AND  SURFACE 

EFFECTS. 


By  W.   T.   Heslop,  M.I.M.E.,   F.G.S. 


(Printed  In  Joitrind^    October,    1921.) 


DISCUSSION. 

Mr.  C.  J.  Gray:  I  do  not  wish  to  miss 
this  opportunity  of  saying  a  word  in  praise 
of  Mr.  Ileslop's  paper.  It  describes  an  ex- 
cellent example  of  application  of  scientific 
thouo^ht  and  observation  to  a  difficult  mining 
problem.  The  particular  method  of  work- 
ing which  was  finally  adopted  is  applicable 
only  under  particular  conditions,  but  the 
underlying  ideas  are  of  much  wider  import- 
ance and  may  be  studied  profitably  even  on 
the  Rand.  The  main  technical  ideas  appear 
to  be  to  make  the  unworked  ground  protect 
the  working  faces  and  travelling  ways,  and 
to  encourage  the  roof  to  fall  elsewhere,  while 
the  main  economic  idea  is  to  get  the  whole 
of  the  workable  mineral  out  at  the  greatest 
total  profit.  Those  ideas  are  far  from 
general  practice  on  the  Rand,  where,  rightly 
or  wrongly,  selective  mining  rules  in  those 
mines  in  which  it  has  left  anything  worth 
selecting.  At  first  sight  Mr.  Ileslop's  method 
of  working,  like  the  Kimberley  method, 
appears  very  dangerous,  but  experience  has 
shown  both  to  be  very  safe.  They  illustrate 
the  principle  that  men  guard  against  obvious 
dangers,  but  are  caught  by  those  not  so 
obvious :  often  a  naturally  safe  mine  is  more 
dangerous  tlian  one  which  is  naturallv  dan- 


gerous. 


WASTE  ROCK   IN  ORE  MILLED. 


By  W.   A.  Caldecott,  D.Sc. 
{Printed    in     Ji>iirn(d,     Ortohvr,     1921.) 


DISCUSSION. 

Prof.  G.  A.  Walermeyer:  In  Dr.  Cal- 
dccolt's  ])apcr  he  givc^  a  fundamental  for- 
mula expre.ssing  the  relation  between  tlic 
value  of  the  screen  sample,  the  value  of  the 
reef  sam])le.  and  value  of  the  waste,  and 
apparently  deduces  from  one  equation  the 
percentages  of  reef  and  waste.  Tins  some 
what  obscures  the  logical  development  as  he 
lias  failed  to  express  the  relation  between 
the  percentages  of  reef  and  waste  in  the 
screen  sample  which  must  obviouslv  amount 
to  100.      As   it   stands   there  seems   to   be   a 


possibility    of    determining     two     unknowns 
from  a  single  equation. 

The    relations    might   be   more   clearly   ex- 
pressed thus: — 

Let  A^  =  Value  of  Screen  Sample. 
,,    Ar  =  „         Rtef    ill   the  mixture    of 

reef  and  wa?  te. 
„    -\yi  =  ,.         Waste  in  the  mi.xture  of 

reef  and  waste. 
„    X     =  percentiige  of  Reef  in  mixture. 
„    100- x=  „  Waste 

Then  100  A,  =  xA,  -f  (100  -  x)  A„. 

x(A,-AJ  =  100  (A,- A  J 
^     IOO=(A,-A^) 

Ar  —  A„. 


SOME     NOTES     ON     THE     PILGRIM'S 
REST  GOLDFIELDS. 


By  11.  C.   F.   Bell. 


(Printed   in  Journal,   yovemher,    1921.) 
DISCUSSION. 

Mr.  J.  H.  A.  DieringcAs  a  member  of 
the  Pilgrim's  Rest  mining  community  I 
should  like  to  congratulate  Mr.  Bell  on  his 
valuable  paper,  which  embodies  the  results 
of  much  practical  field-work  and  careful 
study.  With  regard  to  details  I  have  a 
few  comments  to  ofTer.  T.  A.  Rickard  says: 
"When  starting  a  discussion  it  is  well  to 
begin  by  defining  the  terms  to  be  used." 
The  term  "leader"  as  used  on  these  fields, 
has  a  rather  restricted  meaning,  which 
might  cause  misunderstanding  if  not  fully 
explained.  "Leader"  locally  means  any 
ore  body,  which  cuts  across  the  strata  at  an 
angle,  unless  it  assumes  such  dimensions  and 
irregularity  of  shape  as  to  be  termed  a 
"blow."  "Reef"  on  the  other  hand  is 
locally  practically  always  understood  to  mean 
an  inter-bedded  ore-body.  The  term 
"Thelma  Reef"  as  used  by  Mr.  Bell  and 
others  is  misleading,  and  the  name  "Thelma 
Scries  of  Leaders"  should  be  substituted  for 
it.  In  the  river  section  of  the  Vaalhoek 
Mine  of  the  T.G.M.E.  these  Thelma  leaders 
occur  in  great  number  over  an  area  of  at 
least  3,000ft.  by  fjOOft.  They  were  formed 
in  the  dolomite  by  imjiregnation — often  ex- 
tending to  complete  replacement — and  by 
the  filling  of  fractures,  fissures,  and  caves 
througli  deposition  from  solutions.  They 
thus  occur  as  "leaders,"  small  "blows,"  and 
over  short  distances  may  even  take  the  form 
of   an   inter-bedded    reef.      Although   closely 
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related  to  one  another  genetically  thev  occur 
as  distinct  and  separate  ore-bodies,  often 
without  anv  visible  connection  between 
them.  There  can  hardly  be  any  doubt  that 
they  owe  their  origin  to  the  dynamic  and 
thermal  agencies  at  work  during  and  after 
the  formation  of  the  Vaalhoek  Dike.  The 
theory  advanced  by  Mr.  Bell,  that  the 
Thelma  leaders  were  formed  bv  mechanical 
or  chemical  transportation  of  material  from 
overlying  inter-bedded  reefs  is  not  supported 
bv  the  available  underground  disclosures. 
On  the  contrarv  in  the  river  section  of  the 
Vaalhoek  Mine,  where  Thelma  leaders  have 
been  developed  and  rained  for  a  distance  of 
3.0(K>ft.  on  the  strike  and  the  overlving 
Glynn's  Reef  has  been  exploited  for  a  dis- 
tance on  the  strike  of  2,000ft.  in  workings 
in  close  proximitv  to,  and  in  manv  places 
overlapping,  Thelma  workings,  all  the  avail- 
able evidence  indicates  that  the  two  occur- 
rences are  in  ever\-  wav  independent  of  each 
other.  The  new  three  compartment  shaft 
recently  sunk  in  this  .'•ection  affords  a 
typical  example.  Both  the  Top  Reef  and 
19ft.  below  it  the  Glvnn's  Reef  were  sunk 
through  and  a  crosscut  put  in  21ft.  below 
the  Glynn's  Reef  disclosed  several  wide  an  J 
payable  leader;-,  the  first  one  occurring  prac- 
tically in  the  .'•haft  it.self.  The  inter-bedded 
reefs  were  of  ver)'  compact  structure,  did  not 
•how  the  slightest  trace  of  having  been  sub- 
jected to  any  leaching,  and  were  separated  I 
from  the  leaders  by  layers  of  hard,  im- 
permeable dolomite.  The  characteristics  of 
C  ■  T*  •■  nnd  the  Thelma  leaders  ar** 
.'1  'lit    from  a  purely   mineralogi- 

st point  of  view  to  make  the  formation  of     \ 
t        '       <r  by  di-'olution  and   red^posifion  of 
!:.....    from    the    former    at    all    probable 
To  pick  out  merely  one  feature  in  thi»  con-     ' 
nection   a  Thelma   lead«>r  mined  in   the   Nek 
Section   of    the   Vaalhoek    Mine   yielded     ore 
•aMiyini;    42'',,     copj)er,     45«zji.     dilver.     and 
lf«    ifold  to  the  ton      A  va»t  amount  of  con- 

c ■     -  ;'  '    '     .#»   to     be  -   ><\     to 

tf  ic  to  the  f '  iively 

low   copper   and    tnlver  contents   of    Glynn 'c 

Willi  to  Mr     WfKxIburn'"  remark* 

1^  ''"■  '  n  I  r.hould  like  to  rite  M>veral 

••  in  more  recent  yearn  two  or 

fiior**    Trwin    \t*-  to   dilTerent     horizoni 

'"»'"    'f**-"  y    worked    in   the   «ame 

'•   worker]   a   payable   .Slialo 
J'."  ^  .4.V»ft     aUive   iu'  two  Theta 

K««f»,       wfN-  r,         '     ••     -  -         '      ■■  »  ', 

Tb«ts  North   ;. 


Reef  and  Beta  Reef  payable  iu  the  same 
area.  On  Theta  Extension  Mine  both  Theta 
Reefs  are  payable.  Payable  Bottom  Theta 
Reef  overlies  payable  Beta  Reef  in  a  large 
area  in  Brown's  Hill  Mine,  and  workings 
on  a  reef  in  the  shales  at  Columbia  Hill 
Mine  overlap  Bottom  Theta  Reef  stopes  in 
Peach   Tree  Mine. 

The  President,  said  Mr.  Diering  had 
only  recently  joined  the  Society,  and  they 
therefore  appreciated  all  the  more  such  an 
excellent    contribution    to    the    discussion. 

The  meeting  then  terminated. 


BOOK  REVIEW. 


Elements  of  Engineering  Geology,  bv 
H.  Ries  and  T.  L.  Watson.  New  York: 
John  Wiley  <fe  Sons,  Inc.  ;  London  : 
Chapman  k  Hall,  Ltd.  5^in.  by  8^in., 
365  pp.,  251  illustrations.  Price  22s. 
net. 

This  book  is  intended  to  meet  the  require- 
ments of  those  who  desire  one  smaller  than 
"Engineering  Geology,"  by  the  same 
authors,  and  it  should  succeed  in  doinjr  so. 
It  deals  particularly  with  those  aspects  of 
geology  which  concern  the  civil  or  mining 
engineer,  and  it  should,  by  showing  the 
practical  bearing  of  geology,  interest  many 
who  are  not  attracted  by  subjects  whicli 
appear  purely  academic.  The  text  is  aid«'(] 
greatly  by  the  admirable  illustrations,  many 
of  which  are  from  photographs  by  the 
authors  One  slip,  through  interchange  of 
bhK-ks.  appears,  however,  to  have  been  made, 
for  Fig.  96  given  as  an  ant idinorium  is  a 
syndinorinm,  and  Fig.  97  given  as  a  syn- 
clinoriiim  is  an  ant  idinorium  Fr«»ni  the 
.South  African  standpoint  loo  largo  a  pro- 
portion of  the  ftpace  available  has  been  dp. 
voted  to  control  of  riven*,  wave  action  ai.l 
Khor*' current N,  and  lakes  and  swamps:  fuller 
irpalmeiit  of  hiicIi  («ubjpcts  as  mulprground 
water  and  ore  depottitH  would  have  bppn  ap- 
preciated The  chapter  on  glacial  dpposit^ 
ban.  however,  intere»f  which  at  firxt  migh' 
not  »>e  rncogniHPd.  for  much  in  it  appliew  (o 
tlip  i)w\k«  lilliiP  which  is  wifli'Hprpad  in 
South   Africa       H'  .]  G.) 


162 


Journal  of  The  Chemical,  Hefnlhirgicat  and  Mininy  Hocidy  of  Sovth  Africa.   Teh.,  1922. 


Notices  and  Abstracts  of  Articles  and 
Papers. 


ChEmtsTSy 

C'oAh  Tars  Fhit  RoAit-liiNuiNG. — The,  search 
for  the  ideal  binder  tor  road  int'tal  lias  hu 
interest  to  ttie  chemist  as  well  as  the  engineer. 
The  sonice  of  the  tar  determines  to  a  large 
extent  the  susccptiliility  factor — the  relative 
effect  of  heat  on  tlic  tar  or  pitch,  the  adhesive- 
ness and  the  viscosity  of  the  road  bintler  manu- 
factured from  the  tars.  The  su.scentil)ility 
factor  is  a  constant  to  each  individual  bitumen 
or  pitch  from  varying  sources,  and  is  roughly 
the  ratio  between  the  elasticity  and  the  melting 
point.  No  coal  taf  pitch  has  a  low  suscepti- 
bility, but  some,  pitches  are  more  satisfactory 
than  others.  It  is  obvious  that  the  binding 
power  of  the  tar.  is  e.ssentially  the  result  of 
the  susceptibility  factor,  \\~liat  is  required  is  a 
tar  whicli  will  retain  its  viscosity  under  varying 
temperature  conditions. 

The  chemist  can  control  the  factor  of  free 
carbon,  which  increa.ses  su.sceptibility.  Xaptha- 
li^ne  in  e.xce.ss  also  seems  to  act  similarly. 
Phenols  should  be  removed.  Oxidation  of  the 
pitch  takes  i)lace  in  practice,  and  when  com- 
plete results  in  the  fornuition  of  more  free 
carbon. 

A  certain  amount  of  free  carbon  is  probably 
required  as  it  iidiibits  the  decomjiosing  action 
of  the  ultra  violet  rays  in  sunlight.  Various 
other  absorbents  for  the  active  rays  act  as 
inhibitants.  The  optimum  free  carbon  allow- 
able api)ear  to  be  about  7  per  cent.- — I^athx. 
The  Chnniciil  Tniilc  .Jmii  nal  anfl  ('hciiiirnl 
EntiiiiPPr.  page  G24,  November  19,  1921. 
(F.W.) 

Elf.CTHOI.VTIC   E.STIMATION  OK  GOLD,   PalI,AD[\'M 

and  Platintm. — Gold  may  be  electrolytica'iy 
deposited,  rapidly  and  quantitatively,  iiom 
solutions  ot  tlie  chloride  containing  acetate, 
this  method  admitting  of  the  sejiaration  of  gold 
from  copper,  palhulium  and  platinum,  according 
to  W.   H.   Treadwcll,   in    HcIr.   Chim.  .Icfn. 

The  readiness  with  wliich  palladium  is 
attacked  in  comparison  with  platinum,  when 
subjected  to  anodic  polarisation  in  hydrochloric 
acid  solution,  .serves  as  a  means  for  the  ap- 
proximate  estimation  of  the  ])alladium  content 
of  a  precijiitate  composed  of  a  large  proportion 
of  jjalladium  and  little  ])latinum. — AV.  H. 
Trf.adwki.i..  MiniiKj  hihI  Scicniific  Press,  from 
Helv.  Cliiiii.  .\ttii.  24th  September,  1921,  oage 
440.     (C..J.G.) 

Determination  of  AvAii-ini.E  Lime  in  Outck- 
LTME  AND  Hydrateo  IjIME. — The  axithor  defines 
"  available  lime  "  as  free  or  uncombined  oa'.- 
ciuni  oxide. 

Complete  gravimetric  analyses  were  made  of 
high-calcium  and  high-inagne»;ium  ouick  and 
hydrated  limes,  and  calcium  oxide  determina- 
tions then  made  bv  th(>  ,seven  methods  p'ven  m 
detaU  bv  W.  K.  Meade  in  I'oncrrfp.  Vol.  X. 
(1917).  Cement  .Mill  Section,  pcfre  2.5. 

After  investigation  at  the  Bureau  of  Stan- 
dards, the  following  modified  Scaife  method  is 
approved  by  the  Interdepartmental  Conference 
on  Chemical  Lime,  and  is  now  being  tested  in 
Government   and   works  laboratories:  — 


The  details  of  the  method  are  as  follows;  — 

Place  1.4  gni;  of  the  finely-ground  lime  in 
a  4UU  c.c.  bealver,  add  20U  c.c.  of  hot  water, 
cover,  heat  carefully,  and  then  boil  for  three 
minutes. 

Cool  and  titrate  with  N  hydrochloric  acid, 
allowing  acid  to  droji  rapitlly  find  xtirring  very 
vigorously ;  jihenolphtbalein  indicator  being 
used . 

'\\  hen  the  pink  colour  disajipeafs  in  streaks, 
retard  the  rate  of  addition  of  acid,  but  con- 
tinue until  the  piidv  colour  disappears  entirely 
and  does  not  re-appear  for  one  or  two  seconds. 
Note  the  reading  and  ignore  any  return  of 
colour. 

Now  repeat  the  experiment,  substituting  for 
•  the  beaker  a  one-litre  graduated  Hask  carrying 
a  stopper  fitted  with  a  short  glass  tube  drawn 
to  a  point. 

After  boiling,  cool  and  ndd  drojjwise  5  c.c. 
less  acid  thiui  before.  Call  the  numbor  of  c.c. 
used   A. 

(irind  up  any  small  lum])s  with  a  glass  rod 
flattened  at  the  end.  dilute  the  solution  to  the 
litre  mark  with  freshly  boiled  distilled  water, 
and  shake  thoroughly  for  four  or  five  minutes 
and  allow  to  .settle  for  thirty  minutes. 

Pipette  off  200  c.c,  add  phenolphthalein  and 
titrate  slowly  with  0.5  N  hydrochloric  acid  u»i^il 
the  .solution  remains  colourless  on  standing  (  no 
minute.  Call  this  additional  number  of  c.c.  B. 
Then  the  percentage  of  available  CaO  =  2A 
+   5B. 

This  method  in  the  hands  of  different  opera- 
tors gave  concordant  results,  agreeing  generally 
to  within  0.2",,  with  the  figure  calculated  from 
the  complete  analysis.  The  high-calcium  h\- 
diated  lime  alone  among  the  samples  tested 
gave  somewhat  lower  results  than  calculated. — 
A.  I.  Whitsox,  Cht'iiiicdl  am!  Mcfdlliirdicfil 
Euqiueriiwii.  page  740,  Vol.  2-5.  No.  16.  October 
19,    1921.      (R.A.C.) 


METALLURGY. 

I,IMK      CONSIMI'TIOX      IN      CvAMOATION.    Thc 

author  di'scribes  his  experiences  at  the  Vita 
(Jrandc  unit  of  the  American  Smelters  Securi- 
ties Co.,  Parral,  Mexico,  where  the  cyanide 
treatment  is  accompanied  by  a  high  lime  con- 
sumption. In  distinction  to  the  soluble  and  in- 
snlubie  suli)hatcs  to  which  thc  cause  of  high 
lime  consumption  is  often  ascribed,  the  cau.'-c 
of  this  at  \'cta  (iiande  was  found  to  be  due  to 
an  ap))iociable  amount  of  ferrous  carbonate 
(FcCo,|),  which  was  oxidised  during  the  treat- 
ment to  ferric  hydrate.  The  oxidation  was 
acc()m|)aiiicd  by  a  corresnonding  ])rccipitation 
of  (alcinni  carbonate  if  lime  was  present  in 
sufficient  quantities,  the  iron  otherwise  com- 
bining « ith  the  cyanide  to  form  .sodium  ferro- 
cvanidc  according!:  to  the  e(|Uation  : 
FeCo,.     j-    (iNaCN  Na.FXCN).    -)-    Na.,C(),. 

'I'he     formation     ot      sodium     carbonate     was 
proved   in    tests   in    which   caustic  soda    was  us(>(l 
instead    of    lime.      In    the    |)resence    of    lime    the 
]»rol>al>le    reaction    is:  — 
2FeCo.,  +  2Ca(()H).,  +  O  ^    H.,0  =  2Fe(0H),,  ^ 

'2CaCo,,. 

The   actual    lime   consuinptioii    varies   with   the 
time  of   treatment,   but   not    in    proportion,    and 
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decreases  as  the  amount  of  ferrous  iron  becomes 
smaller.  Sodium  ferrocyanide  is  not  formed  in 
the  treatment  so  long  as  the  lime  is  present  in 
amount  above  OfH)o  per  cent.  The  solutions  at 
the  Vita  (irande  plant  showed  no  trace  of 
ferrocyanide  after  being  in  continuous  use  for 
over  a  year. 

The  ores  under  investigation  were  all  from 
above  water  level,  and  were  of  the  following 
approximate    analysis: — - 

o 
/o 

Ins<jluble   loiXi 

Ferric   iron    300 

Ferrous  iron  2-0(J 

A1,0,  4-00 

Cab     4-80 

Mn O-W) 

Mg 0-20 

Pb 0-2.5 

Cu.  Trac-e 

Zn 1  25 

Mo Trac-e 

Sb Trac-e 

S '. 0-08 

Ihe  ore  varies  from  a  slightly  silicified 
andcsite  to  nearly  pure  quartz  or  c-alcite.  the 
more  highly  silicified  ore  iM-ing  characterised  by 
a  higher  iron  content  and  a  lighter  colour  than 
the  predominant  surfac-e  ores,  which  are  of  a 
deep-red  c-olour.  in  spite  of  their  relatively  low 
percentage  of  iron.  —  Ralph  W.  Pkuhy. 
Mniiii'i  itnd  Srimfific  I'rexx.  29th  October. 
1921.   p.  »^5.     (C.A.M.) 


MIXING. 


-N'kw  Ligrii>-.\iK  -Mink  Hkhci-r  .■\n'AR.\Tr8. — 
lJ<tr<re  .Section  (i  ( Kngineering)  of  the  British 
.\.vvM  lation  at  itn  recent  F^dinburgh  meeting. 
Profj-anrjr  H.  Brigg^  read  a  paper  dewribing 
two  new  formtt  of  rescue  apparatus  which  had 
!  to  (-omi>ly  with  the  most  strin- 
in%  of  the  Home  Offic-*-.  Particu- 
litrn  *»erf  gnen  of  a  typ*-  in  whn-h  the  rixygcn 
wait  derivi-d  from  the  evaporation  of  enriched 
liqaid  air. 

The  author  dev-ribed  the  liquid-air  apparatus 

with  the  aid  of  n   flow  diagram.      It  wa.s  baM>d. 

he    Mild,    upon    Blackett'<>    patents   of    1910    and 

1911.    and    wan    the    ri-iult    of    prolonged    experi- 

-it   by    M  ';.    I.     Hro«n   and    F.    P    .Mdln. 

I    ftl    ••••.  i;niti«'«l    nf    fhe    North     Mid- 

ifid    till-      .N'  and      Durham 

«if     .Mine     I'  -  iim,      of      which 

wnrkem     were     roufwc-tively      the      Chief 

It     waa    n    great     itnprnvcnient      uinhi 

exutiiig   t\|»<ii.    and   he  thought    it   might    tMifely 

Iw    Viul    that    a    lir|iiid-air    ap|>HratiiH    had    now 

(•••f-ii    i-riilred    which    wa*    b<ith    loiiifortable     and 

•    fair   guarantee  of   Mt'urity   t4i   the   man 

I  'I'd       Thi-  li(|Uid 

•  ir  ,       K .      « Inch      H  ah 

carrii-<|    iMi    the    back    of    the    weariT,    t<i      which 

W.-.il.I.-    fiil.^..     .tt  ..  1....I    I.,    it..     ■•,...|ibpi(H-<'    wt'Ti' 

'rong   iiictal 

I     »itii     in.i^m  <M'>     ;i  iiM-iilJrti,     »|'' 

mrer  A     m-<-<iiii|     im-tiil 

■    M  the  fir«it.  th«  • 

fw»t        Tb<-    II 


ff 


'>im<-<|    inio    the    «|. 


Thi*    a*b«*«t<M^w«Mil 


soaked   up  the  liquid   air  completely,   and  ettec- 
tirely   prevented  its  escape. 

Air  evaporating  within  the  pack  passed  alons 
a  tube,  into  the  space  Ijetween  the  two  cases, 
and  finally  into  the  breathing  linuit.  Tliis 
space  enabled  the  air  moving  through  it  to  gain 
heat,  the  rise  of  temperature  being  sufficient  to 
prevent  the  inhaled  air  being  too  cold  ;  it  also 
acted  as  a  trap  for  any  liquid  which,  due  to 
the  over-filling  of  the  pack,  might  escape,  and 
improved  the  insulation  of  the  pack.  It  should 
be  noted  that  the  insulation,  while  being  suf- 
ficient to  avoid  too  rapid  an  eva|)()ration  of 
the  air,  must  allow  enough  heat  to  pass  to 
boil  ott  an  adequate  supply  for  the  i)eriod  of 
use  of  the  apparatus.  When  tiie  i)a(k  had  been 
freshly  charged,  the  rate  of  evaporation  was 
high  ;  the  %-olume  of  cold  air  circulating  in  the 
space  between  the  two  cases  was  at  a  maximum, 
and  its  insulating  efliect  was  thus  also  a 
maximum.  Therefore,  at  this  stage  there  was 
a  tendency  for  the  air  space  to  effect  a  reduc- 
tion in  the  excessive  ebullition  of  gas.  wliile, 
when  the  e»ai)oration  was  flagging,  it  was 
stimulated  bv  an  increase  in  the  passage  of 
heat  across  the  air  space.  The  gas  which  boiled 
off  duiing  filling  was  allowed  to  escape  through 
a  tube  without  interfering  with  the  entry  of 
the  li(|uid,  so  that  after  charging  only  one 
opening  had  to  !)»•  closed  by  a  blank  screw-cap. 
The  working  chai-ge  of  4i  to  (5  lbs.  of  li()uul 
air  could  be  put  in.  and  the  cai>  scieweil  on, 
in   less  than   a   minute. 

The  breathing  circuit  consisted  mainly  of 
solid-drawn  brass  tubing  1  in.  in  diameter. 
The  tubular  frame  was  bent  over  the  .shoulders, 
and  extended  as  a  wide  collar  in  front  of  the 
(-best:  from  the  c(  ntre  point  of  this  collar  hung 
the  breathing  bag.  This  bag  consisted  of  two 
saucer-shajied  pie<-es  of  rubber  joined  at  their 
edges;  it  could  not  be  entirely  flattened  by  the 
suctijui  of  the  lungs,  and  was  very  unlikely  t») 
be  f1attenc*<l  by  external  pressure.  Tlu>  capa- 
city of  the  bag  was  ti  litres  (1.12  gal.).  The 
air  was  tlirected  round  the  (irc-uit  by  valves, 
which  resembled  thos«>  formerly  used  as  in- 
spiratory valves  for  the  box-respirator,  with 
the  im|>ortaiit  difference  that  the  perforated 
Heats  were  of  stout  rubber  instead  of  metal.  .\ 
valve  consisted  of  a  <lis<-  of  thin  rubber  riveted 
at  its  c-entre  to  a  larger,  perforated  disc.  Die 
valvi'-l><»xes  were  also  the  couplings  between  the 
flexible  corrugated  tubes  ( (nini-cteil  to  the 
mouthpiece  and  the  tubiilur  frame,  and  the 
valve-M'alh  acted  as  washers  in  tln'se  joints. 
The  rcHistaiK-e  of  the  valve  was  very  low,  its 
nlip  negligible,  and  it  functioned  well  in  any 
ponitirni.  A  purifi<-r  was  placed  below  the  pack, 
roiitaining  a  charu'c  of  alMtiit  lib.  of  caustic 
»*mI!i  (,'raiiulcH  Inld  m  iiiriieis  of  perforali-il 
metal,  and  a  relief  valve  was  set  to  blow  off 
at  H  prei^Hiiri*  of  iiInuiI  ."J  in.  of  w titer  c-olunin. 
A  low  reMi>itHnc<>  to  breathing  was  a  physio- 
logicnl  iiec-eHMity  for  any  reM-ife  apiuiratiiN : 
with  the  lM|iiicl-air  upparatiiN.  where  the  relief 
valve  HUM  iN'twcen  the  mouth  and  the  puri- 
fier, it  iN-caiiie.  in  acldition.  a  plivsnal  nei cm- 
nity  If  the  reointunce  of  the  piiiilier  exceedecl 
the  remolaiicc  t4i  opening  of  the  relief  valve, 
the  ekhfilecl  nil  would  piisN  out  of  the  latter, 
th<'  ii|>pnrMtim  uoiild  become  deph-led  of  air, 
and  the  weanM  would  In-  conipellecl  to  recliiic) 
hm  rale  of  exertion,  or.  in  an  extreme  cime, 
to  f»»n*>   u«ihg    ihe    appnrntiiN       Therefon*   care 
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had  been  taken  to  bring  down  the  resistance 
of  the  lircuit,  and  especially  that  of  the  puri- 
fier, to  a  minimum.  During  the  early  stage 
there  was  such  a  flash  of  air  vapour  from  the 
pack  that  it  pas.sod  out  to  waste,  together  with 
the  product  of  respiration  exhaust.  Later  on. 
however,  when  the  flow  from  the  pack  had 
sunk  down,  the  man  could  not  afford  to  throw 
it  away,  and  during  that  stage  the  apparatus 
hccame  a  true  regenerator — an  increasiijg  pro- 
portion of  the  expired  air  pa.ssing  through  the 
purifier,  and  being  re-breathed.  Taking  5  lbs. 
of  li(iuid  air  as  a  standard  charge,  and  con- 
sidering the  fact  that  U  or  2  lbs.  was  lost  in 
cooling  down  a  pack  in  filling,  a  team  of  five 
rescue  men  needed  at  least  .36  Ihs.  for  a  2  or 
2i-hours  spell  of  work.  The  apparatus  of  one 
team  could  thus  easily  be  charged  from  a  single 
oO-lb.  container.  The  appliance  was  comfort- 
able to  wear,  eminently  safe  and  serviceable ; 
it  had  proved  highly  satisfactory  in  extracting 
CO.,  and  in  supplying  a  sufficiency  of  oxygen 
to  the  purified  air.  Also,  k  was  easy  to  use. 
there  being  no  locks  to  turn,  no  valves  to 
adjust,  and  no  gauges  to  be  read. — H.  Briggs, 
I.' and  r.T.IL,  September  23,  1921,  p.  428. 
(J.A.W.) 

Ventii,.\tion  Doors  in  Ari7,on.\  Copi-eu 
Mines  t)rEU.\TED  iiv  Comphesseo  Aiu. — Only  in 
recent  years  has  the  proper  ventilation  of 
metal  mines  received  .serious  consideration.  In- 
creasing temperature  and  humidity  with 
greater  depth  in  some  of  the  larger  mines  of 
the  West  prevented  the  efficient  operation  of 
the  mines  and  made  the  installation  of  mechani- 
cal ventilation  systems  necessary.  Doors  that 
interfere  with  tramming  arc  generally  needed 
to  control  properly  the  mechanically  induced 
air  currents  and  are  one  of  the  inherent  dis- 
advantages of  the  system.  In  fact,  the  neces- 
sity for  the  u.sc  of  doors  in  the  main  haulage- 
ways  has  discouraged  the  installation  of 
mechancal    ventilation    in    some    metal   mines. 

A  number  of  mining  comi)anies  in  Arizona 
are  using  ventilation  doors  that  can  be  opened 
and  shut  mechanically  by  the  motorman  with- 
out leaving  his  motor  or  stojjping  his  train. 
The  Copper  Queen  Branch  of  the  Phelp.s-Dodge 
Corporation  at  Bisbee,  introduced  these  doors, 
adapted  from  those  in  u.se  in  the  company's 
coal  mine  at  Daw.son,  New  3Iexico.  The  doors 
at  the  Calumet  and  Arizona  mine  in  the 
Bisbee  district  are  representative  of  those  in 
use.  These  doors  are  sub.stantially  built  in 
2-in.  lumber,  are  air  tight,  well  placed  and 
have  two  openings  or  passageways.  The  main 
door,  which  is  used  for  the  motor  trains,  is 
5ft.  wide  by  6ft.  high,  and  is  opened  by  com- 
pres.sed  air  and  closed  by  a  counter-weight. 
At  the  side  of  the     motor     door     is     the     man 


door,  which  is  18in.  wide  by  5ft.  high,  and  is 
opened    and    closed    by    hand. 

The  mechanism  for  opening  the  main  door 
consists  of  a  section  of  oin.  pipe  about  5ft. 
6n.  long,  threaded  at  both  ends  and  used  as 
an  air  cylinder.  A  piston  fits  in  the  cylinder 
and  is  attached  to  a  liii.  plunger  rod  which 
passes  through  a  .stuffing-box  at  one  end  of  the 
pipe.  The  free  end  of  the  rod  is  attached  to 
a  rope  that  goes  over  a  pulley  and  is  fastened 
to  the  door.  A  ^in.  pipe  connection  from  the 
compressed-air  line  is  tapped  into  the  cylinder 
at  the  packing  end.  When  the  air  is  turned 
on,  it  forces  the  piston  to  the  other  end  of 
the  cylinder  and  thereby  opens  the  door.  The 
door  is  held  open  as  long  as  the  air  pressure 
is  maintained,  and  is  closed  by  the  counter- 
weight and  the  force  of  the  air  current  when 
the  pressure  is  released.  The  air  is  turned 
into  the  cylinder  from  th:<  main  air  line  through 
a  three-way  cock.  Levers  placed  at  some  dis- 
tance from  and  on  either  side  of  the  door  are 
connected  to  the  air  cock  by  two  wires.  When 
a  train  approaches  the  door,  the  motorman 
reaches  out  and  pulls  the  first  lever;  this  opens 
the  cock,  turns  the  air  into  the  cylinder,  and 
opens  the  door.  After  the  train  has  pas.sed 
through  the  door  the  motorman  pulls  the 
lever  on  the  other  side,  which  shuts  off  the 
air,  releases  the  pressure  in  the  cylinder  and 
closes  the  door.  The  motorman  on  a  train 
coming  from  the  opposite  direction  i)ulls  the 
same  levers,  but  in  reverse  order.  The  dis- 
tance of  the  levers  from  the  door  depends  on 
the  length  and  speed  of  the  trains,  but  should 
be  long  enough  to  give  the  motorman  time  to 
stoji  his  train  before  it  wi'ecks  th(>,  door  if  the 
mechanism  fails  to  work.  The  distance  is  15()ft. 
at  the  Calumet  and  Arizona   mine. 

A  red  light  is  geneially  i)laced  at  each  level 
and  other  safety  precautions  are  taken.  Some 
doors  have  been  demolished  by  trains,  but 
with  ordinary  care  on  the  part  of  the  motor- 
man  no  accidents  should  occur.  None  of  tin? 
doors  have  been  touched  by  trains  in  the 
Calumet  and  Arizona  mine  for  a  number  of 
years. — E.  D.  0.\hi)NEH,  Miniuij  mul  Mctal- 
liirfiy  from  I'.S.  liiircini  nf  Mines  Uppiiiix  of 
InvPsfifiations.  Serial  No.  227.3,  October,  1921, 
page  58.      (C.J.G.) 
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Ordinary  General  Meeting, 
March,  1922. 

/;/  consequence  ot  the  indiistnal  dis- 
tiit  bailees  on  tlieW'ilii'afersrdini.K'liieli 
culminated  in  revolution, necessitatiiiiJ^ 
Iht  enforcement  0/ Martial  Laic  regu- 
lations, the  Council  liiis  unable  to 
call  the  Ordinary  Monthly  Meeting  of 
the  Society  in  March. 

The  iie.vt  Monthly  Meeting  'iiilt  be 
held  onSalnrday,tlie  22iid  April. 1022, 


p. 

ciple*   involved, 
"^nuiion  u««" 


BOOK  REVIEW. 

The  Metallurgy  of  the  Common    Metals, 
bv   I-,eonar<J  S.   Austin.      Fifth   Edition. 
1921.      Published    by  Chapman  4    Hall. 
Lid  .      11.      Henrietta     Street.     Covent 
Garden.    London,    and    John    Wiley    <^ 
Son--,  New   York.     (Price,  42;^.   nett.) 
The    latent    edition     of     this     rather     well- 
known  work  contains  50  chapters.      It  deals 
more  with   the  outline  of  the  processes   u.sed 
-il    treatment    of   ores   and 
.1    the    fundamental    prin- 
Afl   it  coveni  nuch   a   wide 
n     of     all       niethod«      in 
ily  |>OH.«ibl«'       For  iii>lan<e 
the  chapter  on    Fuelw,  only   one   type  of 
\>   '  ■■•   ix  mentioned,  ball  milU  not  beinp 

»■•-■..     .   to. 

In    the   chapter   on    Hamplinf;  the   u«e    of 

\\    ajt    (he    lli^'hnm 
,i.     Li>'i-,..      ...,.|..»i-,    for  rullMif;    p»lp 
ii«    \s    not    included    in   ih**    (oil        The 
hook  i\fn\'  priiiripally  with  A  m  nielal- 

liir         '  •     «v  III    dcM't  ii'in^    the    u»»e 

ai  of     tube     niilU    the     trader 

obtaimi  the  iiiipre«oion  that   flint   |>rbble«  are 
!»..  .    ■  ....... 

•mr  of  lube  mill*  ofierAte,  the  ore  itaelf 
.1.  'iiediuni 

I»,^, », •"     •-• 


troublei^ome  and  iuefficieiil,  whereas  on  the 
Witwatersrand  district  quite  the  contrary  is 
experienced. 

In  the  section  devoted  to  gold  metallurgy 
certain  ratiier  obsolete  methods,  such  as 
inside  mortar  box  amaljjamaticn  ;  also  1912 
Rand  practice  are  referred  to.  For  the 
students'  information  it  is,  of  course,  fully 
justified.  In  describing  the  Merrill  slime 
press,  the  illustration  of  the  piecipitating 
press  is  shown,  evidently  an  error. 

The  metallurgy  of  silver  is  described  in 
a  mo.-t  interesting  and  instructive  way,  and 
should  be  studied  by  tho.se  who  have  found 
the  daily  practice  of  recovering  gold,  mono- 
tonous. 

An  outline  of  the  metallurgy  of  iron  is 
given,  blast  furnace,  open  iieaitli.  Hessemer 
and  electric  furnace  practice.  The  recovery 
of  copper  which  has  witnessed  such  great 
strides  and  innovations  during  the  ])ast 
decade  is  dealt  with  fully  and  brought  to 
date.  Particular  attention  is  given  to  tiu> 
hydrometallurgy  of  this  u'etal.  The  general 
metallurgy  of  lead  and  of  zinc  is  outlined, 
including  a  short  chapter  on  wet  lecovery 
methods  of  zinc  which  came  so  much  to  the 
foreground  during  the  period  of  the  fJrcal 
War 

The  last  four  chapters  deal  with  the  ^(•h'<• 
(ion  of  plant  sites,  a<'cess()ry  (-(luiiimont . 
alfo  the  economics  of  metallurgv.  Aside 
from  certain  broad  pr  iix-iplcs  and  compari- 
.soiis  little  can  be  written  on  detailed  costs 
of  plants  and  proce^-es  under  pre.'ent  chno(i<' 
and    abnornuil    industrial    cduditions 

The  illuslratiotiH  (hroiighout  the  book  aie 
exrellcnl .  patticularly  the  irproduct ions  of 
drawinijM  TIih  genernl  iuipression  of  the 
Hiibjerl  matter  is  that  there  is  much  com 
prewtion.  As  a  work  of  ready  refrrmce  of 
nu/drrn  practice  il  will  undoubtedly  have  a 
V.  '  '  'd  In  "tyle  il  i'  phiin  and  tichnica! 
i\>  re  not   involved       II   is  a  book   wIikIi 

cat!  be  recommended  to  ihoce  who  lake  a 
I^Mieral     inlere*l     in     the     irelnllur^y    of    the 

riilli  llliill     llll-l  Ji  !•.  '  I'     \*       \ 
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CHEMISTRY 

A  New  Method  for  the  Evaluation  of 
Zinc  Dust.— One  gram  of  the  fine  zinc  dust  is 
sliaken  with  20  c.c.  of  water  in  a  300  c.c.  Erleii- 
mever  flask.  200  c.c.  of  .sulphuric  acid  (100  gms. 
per  litre)  and  25  c.c.  of  3",.  hydrogen  peroxide 
are  then  added  together,  and  the  whole  is 
allowed  to  remain  with  occasional  stirring  for 
four  to  eight  minutes.  The  zinc  particles  .should 
then  he  all  dissolved,  leaving  only  a  loose  metal- 
lic slime  of  lead,  etc.  Twenty  c.c.  of  40%  sul- 
l)huric  acid  are  then  added,  and  the  excess  of 
liydrogen  peroxide  estimated  hy  titration  with 
pota.ssium  permanganate  solution  (13  gms.  per 
litre),  which  has  been  standardised  against 
sodium  oxalate. 

For  exact  results  the  above  (piantities  and 
procedure  must  be  strictly  adhered  to,  the  solu- 
tion of  the  zinc  must  not  take  more  than  ten 
minutes,  and  the  titration  must  take  place 
immediately  after  this.  —  liuui-KNiiKiMKn, 
.7.    I'licmicul   Societii.    reprinted    from    .Metall    n 
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18.   443-446,   November.    1021.    ii   (>.">.-). 


FiKiNG  Assay  Muffles  with  rri.yEuizED 
Coal. — .\ssay  furnaces  have  been  fired  with  pul- 
verized coal  with  complete  .success  and  economy 
at  a  smeltiT  in  rtaii.  The  arrangement  is 
;is  follows: — Hack  of  the  furnace  a  steel  bin  is 
hung  so  that  its  bottom  is  level  with  the  toiJ 
of  the  furnace.  The  bin  has  an  open  bottoM 
in  which  is  a  .screw  feed  mad(>  from  a  2iii. 
auger  on  a  shaft  provided  with  variable  speed 
through  cone  pulleys.  The  coal  drops  through 
a  i\u.  garden  ho.se  into  a  funnel,  thence  into 
a  3in.  pipe  leading  into  the  furnace.  The  ,iin. 
pipe  is  connected  with  a  fan  running  at  high 
speed.  The  fan  supplies  three  furnaces.  The 
coal  IS  blown  into  the  furnace  and  ignites  there. 
When  ready  to  heat  up  the  assayed-  raises  the 
damper  on  the  stack,  places  .some  lighted  oil 
waste  in  the  fire-box,  iitarts  the  coal  feed,  and 
the  ie<|ulred  heat  is  (piickly  obtained.— K.  N. 
Ha.milton,  Minimi  mul  Metalhirqn,  December, 
lit21.  )).  21.     (F.AV.) 

Kstimation  of  XiTuors  Fumes  ix  Aik. — .\ 
new  test  for  nitrites  or  nitrous  acid  is  described 
by  .r.  Moir  (./.  ,S.  Afiicuii  Assne.  Aniil.  Chcni.). 
which  is  similar  to  that  of  flosvay.  but  in 
which  /^-nitro-aniline  and  '/-naphthol  are  used 
instead  of  sniphanilic  acid  and  naphthylamine. 
Two  .solutions  are  required  {n)  consists  of  a 
.solution  of  l.o  grammes  of  /i-nitroaniline  in 
40  c.c.  of  hytlrochl(M  ic  acid,  diluted  to  ")()0  c.c.  : 
(/.;)  contains  2  grammes  (/-naphthol.  1.1  gramme 
of  sodium  hydroxide,  and  10  grammes  of 
sodium  acetate  per  .jOO  c.c.  The  liquid  to  be 
tested  for  trac«'s  of  nitrite  is  mixed  with  1  to 
10  c.c.  of  ((/).  heat(>d  to  .50°  C.  until  diazotisa- 
tion  i.s  complete,  after  which  solution  (h)  is 
added  in  the  same  (|uantity  as  (a).  In  the 
presence  of  a  nitrite  an  oraiige-ied  precipitate 
of  /;-nitro-benzeneazo-'/-nai)hthol  is  quantita- 
tively obtained.  It  is  collected,  after  an  houi-. 
in  a  (looch  ( incible.  dried,  and  weiglu'd,  203 
parts  being  e mivalent  to  02  j)arts  of  NO,,  or 
UO    paits   of    \;i\()         The    dyestuff   di.s.solves    in 


sodium  hydroxide  solution,  producing  an 
iiiten.se  bluish-violet  coloration,  which  may  be 
used    for    a    colorimetric    estimation. 

According  to  the  British  Government  re- 
quirement the  fumes  from  100  grammes  of 
ignited  fuse  must  not  contain  more  than  0-5 
gramme  of  nitrogen  peroxide.  To  distinguish 
between  this  comiHUiud  and  nitrite  in  smoke 
u.se  is  made  of  the  acidity  of  the  former.  The 
following  methods  have  given  satisfactory 
results: — (I)  The  gas  is  kept  in  contact  with 
neutral  hydrogen  peroxide  solution  for  twenty- 
four  hours,  and  the  solution  then  titrated  with 
N/10  .sodium  hvdroxide  solution,  with  methvl 
(.range  as  indicator  (2N0.,  4  H.,().,  =  2HNO.,). 
It  was  found  as  an  empirical  factor  that  1  c.c. 
of  the  standard  alkali  =  00060  gramme  NO^. 
(2)  The  fumes  are  treated  with  a  solution  of 
potassium  iodide  (I  gramme  in  20  c.c.)  for  at 
least  six  hours  with  occasional  .shaking,  during 
which  the  walls  of  the  container  .should  be 
thoroughly  wetted,  and  the  liberated  iodine  is 
titrated  with  N/U)  thiosulphate  solution.  One 
c.c.  of  the  latter  is  eiiuivalent  to  0-0051  gramme 
of  nitrogen  peroxide,  insteatl  of  the  theoreti- 
cal value.  —  Di{.  .) .  Mom,  ('licinintl  Trade 
JiniitKil  (iiul  I'luiiiidil  Kmi..  December  31,  1921. 
(F.W.) 

DlTECTlON        OF        SaCCJIAKIN        IN        WiNE. FivC 

luiiidred  c.c.  of  wine  is  evaporated  to  about 
25(1  C.C.,  the  li(|Uor  thus  dealcoholised  is  cooled, 
tieated  with  5 — 10  c.c.  of  dilute  sulphuric  acid, 
and  extracted  with  100  c.c.  of  ether  in  the 
ajiparatus  described  by  Tedent  (.1..  1913,  S79). 
The  ethereal  .solution  is  washed  with  water,  the 
greater  ])art  of  the  ether  removed  by  distilla- 
tion, and  the  reniaiiuler  by  evaporation  in  a 
porcelain  basin.  I'he  dry  i<>sidiie  is  dissolved 
in  very  dilute  sodium  hydroxide  .solution, 
heated  on  a  water-bath,  and  5",,  potassium  per- 
maiiiraiiate  added  in  small  quantities  at  a  time 
until  a  persistent  red  coloration  is  obtained; 
snlpliiiiic  acid  is  then  added,  and  the  mixture 
again  oxidi.sed  with  iierinanganate.  After  the 
excess  of  ])erinangaiiate  has  been  d(>stroy(>(l  by 
the  addition  of  sulphurous  acid,  the  solution 
is  evaporated  to  about  20  c.c..  cooled  and  ex- 
tracteil  thr(>e  times  with  ether,  using  10  c.c. 
each  time;  the  ethereal  .solution  is  wa.shed  with 
water,  evaporated,  the  residue  treated  with 
3  c.c.  of  water  and  again  evaporated.  This 
treatment  is  rei)eated  fre{|Uently  .so  that  the 
beating  on  the  water-bath  is  prolonged  for  1  hr. 
.Ml  benzoic  acid  is  thus  removed.  If  the  residue 
then  has  a  sweet  taste,  the  presence  of 
saccharin  is  indicated,  and  may  be  contirineil 
by  using  the  resitlne  with  soclinm  hydroxide 
aiul  testing  for  salicylic  a<i(l  in  the  usual  way. 
— C;.  Von  deu  Hkiue  and  W.  IvOHMAN.  Z. 
I'liters.  Nahr.  Cienu.ssni..  I. S.C.I.,  .\ugnst  31. 
1021.   p.   50.^a.     (T\.W.) 

The  -Vein  and  .\i.kai.ine  De( omi-osition  of 
Potassiu.m  C'vanidf  with  a  Note  on  tiik 
Dfteu.mination  of  FoHMit  .\(iu  IN  the 
I'uKSENfE  OF  Hyduocyanu  .Vcii).  — Ill  summaris- 
ing the  author  states:  "It  has  been  .shown  that 
only  a  small  iirojiortion  of  hydrocyanic  acid  is 
evolved  as  gas  when  potassium  cyanide  is  acted 
upon  by  sulphuric  acid  at  oidiiiary  jire.ssurc 
and  temperature.  This  has  an  impmtant  bear- 
in;:  ii|)on  the  use  of  gas  for  fumigation  pur- 
poses.      Kxcept    where    li(|nid    hydrocyanic    acid 
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is  prepared  great  loss  of  cyanide  is  taking 
place.  The  means  for  avoiding  their  loss  are 
indicated. 

■"The  acid  and  alkaline  hydrolysis  of  hydro- 
cyanic acid  has  been  stated.  The  reaction  pro- 
ceeds slowly  in  both  cases,  and  in  acid  solutions 
the  hydrolysis  to  ammonia  and  formic  acid  is 
very  incomplete.  A  simple  methotl  is  descrilwd 
for  determining  formic  acid  in  presence  of 
hydrocyanic  acid." — George  Harkeb.  Journal 
of  Society  of  ijheinicnl  Iixlu.if ri/.  Aiignst  31. 
1921.    p.    182.      (.F.W.) 

The  VoLCMETiiic  Estimation  of  Aluminium. 
— The  methfKl  resembles  in  principle  the  pro- 
<f.«s  for  the  estimation  of  chlorides  in  aqueous 
.solution,  which  latter  method  depends  upon  the 
difference  in  chemical  affinity  between  silver 
nitrate  and  the  chloride  on  the  one  hand  and 
between  silver  nitrate  and  postassium  chromate 
on  the  other  hand. 

Aluminium    may    be    determined    similarly    by 
it.s    reaction    with    secondai-A-    soiliuin    phosphate 
:ic-c»»rdint£   to   thr   conation — 
AI.(S{)^)^    -    2\a.HP<),    =    2AIPO^    -   2Na,St)^ 

Silver  nitrate  i>  used  as  an  indicator,  and 
H,ive*,  u  yellow  pr«tipitate  of  silver  phosphate 
with  the  free  Midium  phosphate  at  the  ct)m- 
pletion    of   the   above    reaction. 

Dttails  of   the   method   are  as  follows:  — 

Precipitates  of  iron  and  aluminium  ar4'  re- 
diMtolved  and  thf  iron  separated  by  lieatint: 
with  either  causti<-  .S4»da  or  caustic  potash. 
Iron  is  removed  by  filtration  :  the  filtrate  is 
made  weakly  acid  with  dilute  sulphuric  acid 
and  aluminium  hydroxide  precipitated  by 
smmonia. 

The  aluminium  hydroxide,  after  wa.ihinti.  is 
tranMferrfl  to  a  |M>rcelaiii  dish  and  dissolved 
in  dilute  sulphuric  acid. 

Th»»  ti«»Mtr:il  or  faintly  acid  Milution  is  lieate«l 
t<i  and    the    aluminium     precipi- 

t.,  .lie    with    a    standar<l    dilution 

.  rii-hyclro|£eii   phos(»hate. 

1 ..  .^  the  end  of  the  titration  a  f«'«    drop- 

(rf  f*iii'-«'ntrat<>d  Mirer  nitrate  Holution  are 
ad  '  '  >l  the  iMid  of  the  reaction  note<l  when 
th'  fU    anil    priH-ipttate    a«Mume    a    bright 

yellovt   tolour. 

1  h«'  jtr<tf*-%n  I*  particularly  applicable  when 
very  Kinail  aliiMiiniiim  precij>itat<'»i  ar«'  met 
with.  Huch  ao  mine  «at<TH  or  Hiibotanccs  with 
a  low  aluminium  cunK-nt.  —  K.  J.  Kraim.  Thr 
Chrmiral  Tnnlr  Jtmrnnl.  from  ('h«-miker 
Z^'ilunjt     Ih-i-mhfT  21.    U«I.    p.    7«4       (H  A.C.) 


■Sonifw     l^MHtutL.-  tiitdium     cyanide      itt     olv 


«i|i'ii     u«     tbf     liriflurl    olitullit 

'iiii      rvniiaiiiii])'      with      mhIiii 


U  '■'■>!. 

It 

iriflurl    i>lituiii<-d 
III 

rh  by    pr<'cipitatiiit(    lh<-    alkaline    earth 

l»>  -.,... J  M  •uitabl"  -.-.I.'i".  -'It,  auch  a* 
aiidiuni   «ii|i<hat<*  or   '  conc<-iii rat- 

ing th»  «ofiitinn  at  irK-  •..nn-  tinx-  or  kiiImk-- 
qufntlv  M)  u«  to  kalt  out  tb<-  MMjiiim  chloride 
af  11    Mtiution.         For    tbu 

pi.  or    •'•    mitt'if    »ifb 


yet  accepted.  Deutsche  Gold  und  Silber- 
Scheide  Anstalt,  vorm.  Rossler,  Frankfurt-ou- 
Main,  Aug.  4.  1921.) — Chem.  and  Met.  Emi., 
October  2b.    1921.   p.   802.     (J.A.W.) 

Alcoholic  Fermentation  as  a  .Source  of 
Glycerine.^ — In  1780  Scheeie  obtained  glycerine 
by  the  saponification  of  fats  with  lead  oxide. 
In  1823  Chevreul  proved  that  glycerine  is  an 
integral  part  of  fats  in  the  form  of  an  ester  ot 
the  fatty  acids.  This  has  been  confirmed  by 
Pelouze  and  since  then  glycerine  has  been  pre- 
pared commercially  by  saponification  of  fats  in 
soap  plants.  During  the  war.  due  to  the 
scarcity  of  fats,  researches  were  started  to 
prepare  glycerine  synthetically  or  by  fermenta- 
tion. As  early  as  1873  Friedel  and  Silva  suc- 
ceeded in  preparing  glycerine  synthetically, 
hut  up  to  now  the  process  has  not  been  an 
industrial  success.  The  fermentation  method 
at  first  u.sed  by  Pasteur  has  been  more  sm- 
tessful.  and  Dr.  K.  Schweizer  gives  in  the 
.Vugust.  1921,  i.ssue  of  Chiinir  ct  Industrie  a 
lengthy  tlescription  of  the  iiulustrial  i)repara- 
t'oii    ot    •rlyccrine    by    alcoholic    fcrniontation. 

.VttcT  ii'vicwiiig  the  work  of  Pasteui-. 
Laborile.  Kliilich,  Uossi.  Xeuberg  and  Kerb,  he 
(jutliiies  the  facts  and  hypotheses  concerning 
the  intei  nn-diatc  i>r()ductb  formed  during  alco- 
holic fermentatu)!!  which  are  necessary  for  the 
manufacttire  of  glycerine  as  the  main  jiroduct. 
.\nioiig  the  methods  used  for  tlu'  realisation  ol 
these   changes    he   gives   the    following  :- 

Idduciiini  nf  Triosrx. — Since  it  is  known  that 
glycerine  can  be  obtaiiu'd  by  the  icduction  of 
glyceric  aldehyde  and  ilioxyacetone  anil  since 
these  substances  are  supj)0.sed  to  be  formeil  as 
intermediate  piodiuts  during  the  conversion  of 
sugar  into  alcohol,  it  seemed  logical  to  expect 
that  the  addition  of  a  reducing  agent  during 
fermentation  would  increase  the  vield  of  gly- 
<-erine.  Tin-  greatest  [>racti(al  difficulty  was  to 
find  a  yeast  which  would  function  in  the  pri'- 
sein-e  of  the  large  i|U:uitities  of  salts  constitut- 
ing the  reducing  agent.  However,  by  the  use 
of  a  yeast  prepared  from  molasses,  ami  a  great 
excess  of  sodium  sulphite,  it  was  possible  to 
obtain    213    g.    glycerine    from    KK)    g.    sugai'. 

('hiinijr  ii/  the  Hcitrtion  of  Ihr  h'r nncntaiinn 
.l/r</M/wi.  —  This  is  iK'st  realised  by  intiodiicing 
given  (|uaiitities  of  sodium  carbonat(<  in  the 
ternieiitatioii  medium  sboitly  after  fermenta- 
tion started.  Twenty  to  2-">  kg.  of  glyceiiiie  can 
tliiiH  In-  olitiiiiied  per   UK)  kg.  of  sugar. 

Itlorkimi  tlir  Formation  nf  Arctaldch  i/dr 
iliinnii  h'l- rnirnlaiion .  This  is  best  realised  by 
UHing  fwxlium  Hulphit«-,  which  H<-tM  not  only  as 
an  Mikaliiie  reagent  but  alHo  as  an  antiseptic 
for  the  biirnifiil  liaetenas  resulting  liom  tlie 
fermentation  in  alkaline  medium,  .\boiit  23  kg. 
ol    ul.Vcelliie    Is    oblailieil     per     KM)    kg      of    sU|^ar, 

llie     author     then     desel  iIicn     the     method     Used 

for  the  extraction  and  purification  ol  the 
formed  glycetine.  He  concludeM  by  NiiugeHting 
that  itmlead  ol  Htartiiig  with  MiigarH,  which  are 
i'Xp«MiHive,  there  will  noon  be  a  poxNibility  of 
preparing  glyienni'  by  umng  hydiolvKed  hiiw- 
diiNt  ami  M»)i(e  Hiilphite  lii|Uoi  from  paper 
rnilU  K,  S«  im  Kl/flt.  Chrtn  and  Mrl  A-fi(/  , 
No»eiii»Mr  U,    liC'l     p     HUl       (.1  A  W  ) 


It 

ing  >t 

1 1...      r. 


hf    rtK-<>ri-re<i    by    leaching 
(Br     Pat     WV4,71U,    not 


Tmk  Clai'iik  Ammonia  Pitoc  kun  Mi  W  i-hi  in 
awMK-ialt^i  with  tho  ('unilH<rlaiid  Coal,  Powor, 
nnd    Cheiiiicnl    Co,,    which    in   erecting    workN    at 
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Journal  of  The  Chemical.  MetaUii>{iinil  and  Min'mn  Society  of  South  Africa.  >far.,  1922. 


Workington    to   operate   the   Claude    Process 

With  a  view  of  obtaining  a  supply  of 
hydrogen  immediately,  and  under  the  best  con- 
ditions, the  Cumberland  Company  has  acquired 
a  controlling  "interest  in  the  Tissa  Water  Power 
Co.  in  Norway,  which  has  a  plant  of  a  capacity 
of  145,000  electrical  horse-power. 

The  cost  of  power  for  the  pruduction  of 
hydrogen  is  about  £1  per  horse  power  >ear,  or 
l-25th   penny   per  kilowatt   hour. 

This  electrolytic  hydrogen  i)laut  lias  a  daily 
capacity   of   over   nine   million    cubic    feet. 

The  Claude  synthetic  ammonia  ])roct'ss  ha.s 
thi.s  in  common  with  the  Haber  process,  it  con- 
sists in  effecting  the  direct  combination  of 
hydrogen  with  nitrogen  under  pressure  and  in 
the  presence  of  a  catalyst  to  form  ammonia. 
The  predominant  difference  between  the  two 
processes  lies  in  the  much  higher  pressure  u.sed 
by  Claude,  which  entirely  modifies  the  working 
conditions   of    the    process. 

Claude's  experimental  work  showed  very 
clearly  that  for  a  given  temperature  the  pro- 
portion of  nitrogen  and  hydrogen  remaining 
combined  under  conditions  of  e^inililiriuni  in- 
creases rapidly  with  rise  of  pressure,  and  that 
the  lower  the  temperature  the  higher  is  the 
proj)ortion  of  combination.  The  lower  the  teni- 
perature  the  longer  it  takes  to  reach  equi- 
librium, and  in  order  to  have  ai)paratus  of  a 
reasonable  size  the  r(>action  must  not  be  too 
slow. 

Claude  finds  the  useful  range  of  tcmpernturi' 
to  lie  between  500°  C.  and  700°  C\,  and  con- 
siders it  best  to  work  at  600°  C.  and  a  piessiire 
of  900  atmospheres  as  against  200  atmnspliei-es 
used    by    Haber. 

The  hydrogen  and  nitrogen  mixed  in  i)i()i)er 
proportions  are  first  conii)ressed  to  1(10 
:itnio'^[)heres  in  an  ordinary  tbii'c  or  four 
stage  compressor,  passed  through  sej)aiating 
bottles  to  removi>  condensed  v.ater,  and  oil  from 
the  c()mi)ressor,  to  the  super  C()mi)ress()r  capable 
of  dealing  with  enough  gas  to  mak"  5  tons  of 
liquid  ammonia  per  21  hours,  or  426  cub.  ft 
per  mill 

I'lider  Claude's  conditions  the  catalyst  vessels 
are  quite  small,  weighing  only  Hi  tons  against 
those  of  Haber  weighing  74^  tons  for  a  daily 
capacity  of  20  tons  of  ammonia.  The  catalyst 
tui)es  are  made  of  a  special  chromium  alloy, 
ca.st  solid  and  bored  out.  The  basis  of  the 
catalyst  is  peroxide  of  iron,  made  by  burning 
iron  ill  oxygen,  and  is  mixed  with  other  cheap 
materials  to  increase  its  activity. 

I'nder  the  great  pressure  the  ammonia  is 
liquified  by  passing  through  a  coil  immersed  in 
cold    water. 

It  is  computed  tliat  a  ton  of  ammonia  would 
cost  in  power  C6  16s.  3d.,  using  coke  over  gas 
and  steam  jiower  at  Jd.  per  unit,  and  only 
€2  lis.  lid.  in  the  case  of  c^lectro'vtic  hydrogen 
us'ng  hydroelectric  power  at  l-25d.  per  unit. — 
Mu.  J.  H.  West,  The  Chemical  Trade  .Journid 
anil  Chemical  Eni/ineer.  Read  at  a  joint  meet- 
ing of  Cheni.  Kng.  Croup  of  the  Soc.  (if  Chem 
Industrv  and  the  lust,  of  Mechanical  Kngi- 
neers.    "November   26.    1921.    p.   65S       (HO  I^^ 

Nkw  PKocEnriiK  fou  thk  ?]stim.\tion  of 
Abbknic- — A  new  method  for  the  estimation  of 
small  quantities  of  arsenic  is  based  on  the  in- 
tensifying and  fixing  action  of  potassium 
iodide   on    the   yellow    stflin    produced    ny    hyd'"')- 


gen  arsenide  on  mercuric  chloride  paper.  The 
similar  stains  produced  by  the  hydrides  of  anti- 
mony, sulphur,  and  phosphorus  are  not  altered 
by  potassium  iodide  in  this  way. 

At  the  conclusion  of  a  test  the  mercuric 
chloride  test  paper  is  treated  with  10% 
|)otassium  iodide  solution,  which,  acting  speci- 
fically on  the  arsenic  stain,  turns  it  brown,  and 
at  the  same  time  renders  it  permanent  to 
light  and  moisture.  The  arsenic  is  estimated 
by  comparison  of  the  .stain  with  those  produced 
by  known  quantities  under  similar  conditions 
From  OOOOl  to  0.1  mg.  can  be  estimated  by 
this  procedure. — .J.  Ciuhikr,  -Journid  of  the 
Che  mica]  Societi/.  reprinted  from  J.  Pharm. 
Chim..  1921  [vii].  24.  241-246,  November.  1921, 
li  658.     (R.A.C.) 

T)kTKHMIN.\"T0V     ok     Av.\I1-.\UI,K     TilMK.     IN       QrU'K- 

i.i.MK  .\NM)  Hvi)i{.\TKi)  LiMK. — For  most  chemical 
purposes  tree  or  uncombiiuHl  calcium  oxide  is 
the  valuable  constituent  of  lime,  and  in  prac- 
tice limes  are  bought  and  sold  on  this  basis. 
Notwithstanding  this  fact,  there  is  no  generally 
accepted  method  for  obtaining  this  value,  and 
there  has  been  for  some  time  a  demand  from 
-•arious  industries  for  a  practical  and  reliable 
netbotl. 

At  the  request  of  the  Interdepartmental 
(Conference  on  Cbemic-al  Lime,  a  series  of  com- 
'1-irative  analyses  was  made  by  the  (Jeological 
Survey,  the  Bureau  of  Chemistry  and  the 
Hur(>au  of  Standards,  each  using  duplicate 
.'iimples  of  high-calcium  and  liigb-magii(>sium 
ipiick  and  hydrated  limes  rcpie.seutiiig  the 
four  types  of  lime  in  use.  Complete  gravi- 
metric analyses  were  first  made  for  comparison 
liui-po.ses,  and  calcium  oxide  determinations 
were  then  made  by  tiie  seven  methods  for  tlie 
determination  of  free  lime  given  in  detail  bv 
H.  K.  Meade  in  Concrete,  vol.  10  (1917), 
Cement   Mill   Section,   p.   25. 

The  results  obtained  by  the  Scaife  method 
were  most  )iromisinir  and  further  inv(>stigatioii 
of  this  method  at  the  Bureau  of  Standards  led 
to    the    following    modificHl    i)rocedure :  —  ■ 

Place  1-4  g.  of  the  car(>fully  jircqiared  and 
iinelv  ground  (jjassing  100  mesh)  lime  in  a 
400-c.c.  beaker,  add  200  c.c.  of  hot  water, 
cover,  heat  carefully  and  then  boil  for  three 
minutes. 

Cool,  wash  down  cover,  add  two  drops  of 
phenolpbthalein  and  titrate  with  N  hydro- 
chloric acid,  adding  the  acid  dropwif-e  as 
iai>'dly  as  possible  and  stirring  vigorously  Lo 
avoid  local  excess  of  acid.  When  the  pink 
colour  disa[)pears  in  str(>aks.  retard  the  raie 
of  addition  of  acid  somewhat.  Init  continue 
uiit'l  the  iiiiik  colour  disaj)pears  eiitirel>-  and 
does  not  r(>appear  for  1  or  2  .seconds.  Note 
the   reading  and  ignore  the  return  of  colour. 

Pepeat  the  experiment,  substituting  for  the 
lOO-c.c.  beaker  a  1-liter  •.''radnatcd  (lask  carry- 
iim  a  one-hole  stopper  fitted  with  a  short  glass 
tnb(>  drawn  out  to  a  point.  Cool  and  add 
dropwise  and  with  vi'zorous  stirring  5  c.c.  less 
acid  than  before.  Call  the  number  of  c.c. 
u.sed  .1.  Grind  up  any  small  lumps  with  a 
glass  rod  flattened  at  one  end.  dilute  to  the 
mark  with  freshly  boileil  distilled  water,  <lose 
'be  fla.sk  with  a  solid  stopper,  mix  thoroughly 
for  4  or  5  minutes  and  let  settle  for  half  an 
hour. 
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Pipette  a  2ijO-<;-.c.  portiou.  add  phenol- 
phthaleiu.  and  titrate  slowly  with  0  5  X  hydro- 
chloric acid  until  the  solution  remains  colour- 
less on  standing  1  minute.  Call  this  addi- 
tional number  of  c.c.  B.  Then  the  percentage 
of  available  CaO   =   2.1    ^   oB. 

Table  I  presents  determinations  which  were 
made   by   the   modified   method. 

Table   I.      Determinations   of   AvArL.\BLE  Lime 

BY     MOUIEIEU     SCAIIE     MeTIIOD. 

C  s  S  A\-Hilable 

^  r-2       Lime  Found. 


Sample. 
Calcium  quicklime  ... 


Calcium   hydrate    

High-magnesium  quicklime 
High-magnesium  hydrate... 
Mg<)  and  CaO  (0-7  g.  each) 


934     934     934 

93.5     933 

87.3    850    8oO 

850    84-3 

580     579    58.0 

580    581 

500    503    500 

500     501 

490     493      — 

48-8      — 

CaO  (pr.Tipitatcd) 1000      — 

All    figures  are  based   on   the   lime   ignited   at 
red    heat,    as    prescribed    in    A.S.T.M.    specifica- 
tions for   hydrat<*d   lime',    and   the   hydrochloric 
a^-id    was   standardized    by    means   of    Hureau    of 
rds    \M'ti7ji)ic    acid    No.    4^a,     throiigh     a 
hydroxide   solution. 
It    IS    apparent    that    th)'    detcriniiiations     on 
duplicate  sampl«-s  by  the  modified  ni«'tho<l  agree 
within    ren.vinable    limits    and     clos«-ly     a|ipro\i- 
mat<-  the  calculated  values.   The  modified  Scaife 
mfthiMl    IS   afiproved    by    the    Interdepartmental 
Contereii«-e  on  Chemical  Lime,  and   is  now  being 
t*"st«*<l   III  (i'lvernnieiit   and   works  lalxiratories. — 
Alio.    I.    Whitson.    ('hem.   nml   Mrt     Kill/..   Oct. 
19     \'.r2\     p.   74<i.     (J.A.W.) 

Stainlkrh  Ibojj. — Ac«-ording  to  the  Iron- 
moHtjfr  (Ix*ndoii).  a  new  staiiiless  iron  has 
been  put  on  the  market  by  threi-  BritiHli  firms 
in    bars    ami    )ih<-<'tA  It    is    (lerived    from    the 

well-ki.  'iidfH*  St*-*'!,    and   differs  from    the 

latt<-r  illy    III    that    it     contains     carbon 

l»-v-  III  jKT   c«»nt.      Cnrb<iii-f ree  r-hroniitim 

<tr  romium    i«»    thus    rMiuired.    eith'-r    of 

whii-h  are  exp«'n»ivc  siil»stance»».  Th<Tefore  the 
new  metal  i»  more  ex(>ensire  than  brnKs,  but 
it  i*  im^ier  t«i  k***'^  clean.  This  new  low  carbon 
< '  '  im-iroii  allov  is  distinctly  Mifter  than 
'     st<-<-l      anfl     i«    thus    siiite<J     to    vtinoUH 

•     of    iiM's    in    forg- 
\lr<'n'ly  siicf<>ss  is 

!••      M  ll<-<-l     dlNCN. 

,         ,  i<  ts     subject     to 
<^irr>Mion  or  tarnishing,   thus  (•Imnnating  fiaint- 
'■■"       -'I    rarnishinK  '    A^oh.    ('hem.    and    Mel 
I  rtn.,.  (W^ih^r   12.   \sm.  p    717    (JAW.) 

t-'ri    Kr«r*R(n    \\tnntt'n  VirwN  or  lAiw-TrM- 
rratn-ar    CtawiHistTio^       In    vu'w    of    Ion -tom- 

OitM-tor    of     Knel 
I  i .       . ,  )    has    di-^'niwl     it 

•l»'siraW»'    Ui   swrt    out    lb**    iollowing    Mi<Hit    rer«»nl 


views  of  independent  experts  who  have  made 
a  careful  study  of  this  subject. 

The  primary  products  of  the  carbonisation 
of  coal  at  .5-5<^)  deg.  to  600  deg.  C.  are  rich 
hydro-carbon  gas.  motor  spirit,  fuel  oils,  and 
coke  containing  about  10  per  cent,  of  volatile 
matter,  which  burns  in  an  open  fire  with  a  per- 
fectly smokeless  flame.  The  researches  at  H.M. 
Fuel  Research  Station  during  the  past  two 
years  have  placed  in  our  hands  for  tlie  finst 
time  trustworthy  and  independent  data  as  to 
the  yields  and  qualities  of  these  products  as 
obtained  from  various  types  of  coal,  and  under 
varied  conditions  of  treatment.  The  design  ol 
a  form  of  apparatus  by  which  carboni.sation  of 
coal  at  -j.JO  deg.  to  600  deg.  C.  can  be  carried 
out  with  economy  and  efficiency  is  being 
studied   on    a    practical    scale    at    the    Station. 

The  Fuel  Research  Board  have  from  the  out- 
set recognised  that  a  problem  of  this  kind  may 
at  any  monieiit  be  solved  in  some  unexpected 
way  by  an  outside  inventor.  They  have  there- 
fore kept  in  touch  with  all  proposals  wliioh 
appeared  to  contain  any  germs  of  possible  suc- 
cess. At  present  there  are  at  least  six  such 
proposals,  the  development  of  which  tlie  Board 
are  watching  with  close  and  syniitathetic 
interest.  The  engineering  and  technical  prob- 
lems which  must  be  solved  before  it  can  be  said 
with  confidence  that  a  really  practical  appara- 
tus has  hern  evolved  are  of  a  very  difficult 
character,  some  of  them  requiring  for  their 
solution  knowledge  and  experience  which  is 
onlv  in  the  po.s.session  of  a  few  experts.  After 
each  successive  apparatus  has  been  erected  and 
subjected  to  a  series  of  preliminary  tests,  the 
final  and  more  exacting  test  rem:iins  of  con- 
tiniioiis  running  for  a  sufficiently  long  noriod. 
This  is  ini|)eiative.  because  all  apparatus  which 
has  to  be  worked  at  a  relatively  liigh  tempera- 
ture tends  to  deteriorate  more  and  more 
rapidly    with    the   efflux    of   time. 

In  the  presJMit  unstable  condition  of  industry 
generally,  and  of  coal  and  oil  nroduction  in 
particular,  it  is  ahnost  impossible  to  estimate 
the  wider  (lossibilit  ies  of  low -tcnip.rat  me  car- 
bonisation from  a  national  point  of  view  as  it 
woiiM  apply  to  the  tens  of  millions  of  tons  of 
coal  wlmh  ale  at  present  <onsnined  in  the  raw 
state.  The  Fuel  Research  Board  would  he.si- 
tate  tfi  (Hit  forward  any  economic  estimates. 
their  position  bi-ing  that  so  much  still  reiiuiiiis 
to  Im-  done  on  the  te<liiiical  and  eiigiii.criiig 
sides  that  th<'  only  wise  i-oiirse  is  to  concentrate 
all  the  available  skill  and  eiingy  lui  tins  side 
of  the  Hilbj.Ml  till  the  present'  rxpei  llneiit  al 
stage    has    Im-cii    sih<  <ssI  uily    passed. 

Ill  th.-  view  of  the  Fuel  Heseardi  Board  it 
cannot  Im-  t«M(  wiilely  understood  by  the  public 
that,  in  their  opinion,  this  stage  has  not  yet 
b«««Mi  renclieil  by  any  of  the  proposals  referred 
to,    or    at    M   .M.     Fuel    Hesearch    Station        Fcki. 

ItK.NK.tlKM      BoAIIK.     .Sill     (;        BkII.MV.        /.       ,|»|,/       (\ 

Tiiiilrt     Idriiir.     DeceinlM'i      111      l!i'JI       p      HtUi 
(.1  A.W  ).  ' 


Tirr    I)ktk«  TioN 


Of 


»  r 


W..  imn,  p. 


CaIUION        .MoNOXIIlK         All 

Hlis<irlM-iit  M<Milamite,  is  prefiared  by  mixing 
together  fuming  Nulpliuric  acid  rth-.W,. , 
UMJine  pentoxide  1(m;-I*J",,.  and  [>iiniic<> 
stone      .'U-. ■{■'>'.  At      ordiiinrv      tenifierat  iires 

cnrlion      monoxide      is      oxkIimm)      by      ibis      re 
agent     |o    (url*«iii     dioxirb-      miiIi      libeiation      of 
Kwline,    Mhich    rends    with    excess     of     sulphur 
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trioxide  present  to  t'orm  a  green  substance  indi- 
cative ot  the  presence  of  carbon  monoxide,  and 
varying  in  depth  with  concentration  of  the  gas. 
On  keeping  or  gentle  warming  the  green  colour 
changes  to  orangc-yellov.  and  disappears  in  a 
few  minutes,  so  that  the  material  can  again 
be  used  as  before  until  about  twelve  tests  have 
been  made,  when  the  colour  produced  becomes 
irregular  and  a  fresh  sni)ply  of  reagent  is  re- 
tiuired.  The  colour  produced  in  each  case  is 
compared  with  permanent  colour  standards 
prepared  from  a  mixture  of  pumic  granules 
with  normal  and  basic  copper  acetate  and 
cliromium  oxide.  By  this  means  a  quantitative 
test  can  be  made  with  gas  mixtures  containing 
up  to  02%  of  carbon  monoxide.  Interfering 
gases  such  as  unsaturated  hydrocarbons,  hydro- 
gen sulphide,  etc.,  are  first  removed  by  passing 
through  dry  active  charcoal.  0005%  of  CO 
can  be  detected  by  passing  500  c.c.  of  a  gas 
mixture  through  a  gla.ss  tube  containing  a 
column  of  Hoolamite  50  mm.  X  5  mm.  A 
pocket  size  detector  apparatus  has  been  de- 
vised.— C.  H.  HoovKR.  Journ.  of  the  Chemical 
^Society,  reprinted  from  J.  Ind.  Eng.  Chem., 
1921.  18.  770-772.  November.  1921,  ii.  654. 
<R.A.C.) 

Leao  Poisonixg. — A  series  of  lectures  on 
hygiene  in  relation  to  iudu.stry  before  the  Royal 
liistitute  of  Public  Health  was  concluded  by  a 
lecture  on  Lead  Poisoning  by  Sir  Kenneth 
floadby. 

Hi'ference  is  n.ade  to  a  memorandum  recently 
issued  by  Dr.  Legge.  the  Chief  Medical  In.spec- 
tor  of  Factories,  in  which  it  is  stated  that  the 
attack  rate  of  white  lead  manufacturers  for 
1911   was   20   i)er   thou,sand. 

In  indu.stries  where  a  considerable  amount 
of  ri.sk  of  lead  absorption  was  present  the 
number  of  reported  cases  was  always  high,  a 
large  number  of  them,  however,  being  of  a 
trivial  character,  and  after  a  week  or  two  the 
<lisease  cleared  up  without  leaving  any  obvious 
disability.  In  those  industries  where  absorp- 
tion was  limited  in  daily  amount,  but  con- 
tinued over  long  i>eriods,  the  incidence  of 
•severe  eases  was  always  high  and  had  an  in- 
<i-eased    rate    of    i>aralysis. 

I'ainters  and  lead  workers  show  a  liiti''  'H- 
<idence  of  chronic  kidney  disease,  and  the  for- 
mer appear  to  suffer  a  hjgh  mortality  through 
gout,  probably  due  to  inhalation  of  turpentine 
■oil    va])ours. 

The  classical  sym])toms  of  lead  i)oisoning  are  : 
<'olic.  <oiislipatioii.  a  blue  line  upon  the  gums, 
and  (iiialiy  symptoms  of  palsy,  usually  mani- 
festing themselves  as  "dropix-d  wrists."  the 
latter  being  the  chief  and  unmistakable  clinical 
symptoms  by  which  .severe  lead  poisoning  '-an 
be  recognised. 

Any  factoi'y  air  which  showed  that  inc]!  ex- 
pose<l  t.'>  it  would  inhale  more  than  two  iiiilli- 
giams  of  lead  per  day  must  be  considered  as 
dangerous,  as  this  is  the  maximum  amount  the 
human  body  can  be  expected  to  resist ;  some 
persons  are  more  susceptible  than  others. 

It  is  particularly  important  that  all  cases 
should  be  treated  at  the  early  stages,  so  that 
complete  recovery  may  be  effected. — Sir 
Kknnkth  CJoAnnY,  Chrmical  Trade  .lonrnal  and 
Chem.     Kim,..     DecemWr.     17,      1921,      p.      756. 

vh.d.b.) 


PowKii  Alcohol. — The  Fuel  Research  Board 
(Department  of  Scientific  and  Industrial  Re- 
search) have  published  their  Second  Memoran- 
dum oil  "Fuel  for  Motor  Transport."  The 
Inter-Departmental  Committee  on  Alcohol  for 
Power  and  Traction  Purposes,  in  their  Report 
dated  Juno  23,  1919,  recommended  that  an 
organisation  slKuild  be  established  by  the 
(lovenimeut  to  initiate  and  supervise  experi- 
mental and  "practical  development  work,  at 
home  and  overseas,  on  the  production  and 
utilisation  of  power  alcohol,  and  to  report 
from  time  to  time  for  public  information  on 
all  scientific,  technical,  and  economic  problems 
connected  therewith.  The  Report  was  referred 
to  the  Committee  of  the  Privy  Council  for 
Scientific  and  Industrial  Research,  and  on  the 
recommendation  of  their  Advisory  Council  they 
decided,  in  the  first  instance,  to  appoint  a 
suitable  officer  with  the  necessary  assistance, 
under  the  Fuel  Research  Board,  who  would 
be  charged  with  the  duty  of  collecting  accurate 
data  from  different  parts  of  the  Fmpire  as  to 
the  possibility  of  producing  alcohol  in  bulk 
from  local  vegetable  materials,  and  of  arrang- 
ing f<M-  the  continuance  of  any  experiments 
and  negotiations  connected  with  utilisation 
which  could  usefully  be  undertaken.  Accord- 
ingly Sir  Frederic  Nathan  was  api>ointed 
Power  Alcohol  Investigation  Officer  under  the 
Fuel  Research  Board  in  DeccMiibei'.  1919.  An 
Interim  Memorandum  on  Fuel  for  Motor 
Traiis])ort    was    issued    by    the     Boanl    in    July. 

1920.  'I"he  i)resent  Memoiandiiin  gives  a  brief 
general  survey  of  the  work  of  the  Board  in 
regard    to    Power   Alcohol    since   that   date. 

The  subjects  dealt  with  in  the  Memorandum 
include  among  others  (1)  prod'uction  of  alcohol 
in  the  British  Dominions  and  Colonies;  (2) 
synthetic  i)roduction  from  calciur.i  ^-arbide  and 
from  the  ethylene  in  coal  gas  from  gasworks 
and  cokeries.  Considerable  attention  has  been 
given  during  the  last  two  years  to  the  ))ossi- 
bility  of  removing  ethylene  from  coal  gas  and 
its  subse(|U(>iit  conversion  into  power  alcohol. 
A  maiuifacturing-scale  process  has  not  yet 
been  develo])ed.  however,  and  even  should  a 
successful  one  be  worked  out.  it  would  still 
be  a  question  whether  it  would  be  j)rofitable 
to  produce  alcohol  by  such  process  at  the 
exjiense  of  the  calorific  val'ue  of  th(>  coal  gas. 
Some  of  the  general  conclusior.s  arrived  at  in 
the   Report    are:  — 

(1)  Tlu>  prospect  is  remote  of  adding  materi- 
ally to  the  su|)plies  of  liciuid  fuel  for  internal 
combustion  engines  in  this  country  by  the 
manufacture  of  alcohol  from  home-grown 
materials 

(2)  The  production  of  alcohol  within  the 
Empire  fiom  materials  containing  sugar  or 
starch  is  only  likely  to  be  possible^  conimercially 
in  the  near  future  in  some  of  the  Dominions 
and  Colonies,  and  then  only  on  a  sufficient 
scale    to    meet    local    lefpiiiements. 

(8)  It  is  unlikely  that  alcohol  could  be  i)ro- 
duced  in  excess  of  local  needs  and  at  a  price, 
when  freight  to  seaboard  and  to  this  <ountry 
is  included,  at  which  it  would  find  a  market 
here. 

(4)  Synthetic    production     on     a     c(mimercial 

scal<>    in    this  country    is   unlikely :    it    might   be 

■possible,    however,    in    Canada    and    Australia. — 

Iron    and    Cnnl    Tindm    Id'vicir.     December    23» 

1921,  p.   917.     (J.A.W.) 
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A  Convenient  HciiiDixT  Table  for  the  Wet 
jiND  Dey  Bulb  Thermometek. — Users  of  wet 
-and  dry  bulb  thermometers  will  tiud  the  fol- 
lowing table,  compiled  at  the  Forest  Products 
Laboratory.  Madison.  Wis.,  very  useful  for 
-quickly  determining  relative  humidity  values 
from  wet  and  dry  bulb  thermometer  readings. 
To  use  tTie  table,  read  the  temperatures  and 
subtract  the  wet  bulb  readings  from  the  dry. 
Locate  the  vertical  column  of  figures  headed  by 
the  appropriate  difference  between  wet  and 
dry    bulb    readings,    and    the    horizontal    row   of 


figures  beginning  at  the  extreme  left  with  the 
observed  dry  bulb  reading.  The  figure  mark- 
ing the  intersection  of  these  rows  is  the  rela- 
tive   humidity    value    expressed    in    per    cent. 

Take  the  following  as  an  example  :    wet   bulb 
temperature.    132    deg.    F.  :    dry    bulb_  tempera- 
turi',    140   deg.  ;    ditference, 
marking  the  intersection  of 
for    8    deg.    ditference   with 
beginning   with   140   at   the 
which   is  the  correct    relative 
given    thermometer    readings. 


8  deg.  The  figure 
the  vertical  column 
the  horizontal  row 
extreme  left  is  79, 
humitlitv   for   the 


RELATIVE  HUMIDITY  T.\BLE. 

Difference  Between  Wet  and  Dry  Bulb  Thermometers — in  Degrees 
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with  fHtulilishi'd  iiriictici-.  The  Kri'iich  pnxesH 
oi  i^iniiteil  III  the  rfM>urche8  of  Aiitlieliiio 
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permits  the  deposition  of  dense  smooth  iron  of 
anv  desired  thickness.  It  is  a  great  advantage 
of  "this  process  tliat  tubes  and  sheets  ot  any 
desired  gauge  can  be  made,  since  tlie  thickness 
of  deposit  mav  be  coi. trolled  absolutely.  At 
the  Bouchayer  establishment  in  Genoble.  tubes 
are  made  4  to  5  m.  long, 
diameter,  and  from  0.1  to  6 
These  works  are  selling  a 
certain  gauge  without  draw 
larities    of    wall    thickness    so 


10  to  20  cm.  in 
mn.  in  thickness, 
tube  made  to  a 
ing.  The  irregu- 
common    to    the 


present   commercial     tube     are     avoided    in    the 
electrolvtic    tube. 

This  i)rocess.  like  those  of  Burgess.  Cowper- 
C'oies.  and  Fischer,  requires  the  use  of  soluble 
anodes  with  the  inevitable  losses  in  slimes.  It 
was  with  the  idea  of  utilising  iron  ores  directly 
(without  the  use  of  the  blast  furnace)  that  .Mr. 
F  A.  Eustis.  of  Boston,  and  Mr.  C.  P.  Perm, 
of  New  York,  devcloijcd  what  is  known  as  the 
Eustis  process.  'i'his  differs  from  preceding 
methods  in  that  an  insoluble  anode  is  used. 
The  iron  is  deposited  on  a  rotating  cathode, 
but  a  (liai)liragni  separates  th(>  anode  and  cath- 
ode comparinients:  At  the  anode  an  oxidation 
of  ferrous  chloride  takes  place,  and  by  keeping 
a  hydrostatic  head  on  the  catholyte.  diilusion 
is    reduced    to    a    minimum.  The    process    is 

described  bv  Messrs.  C.  P.  Perin  and  Donald 
Belcher,  of  Perin  and  Marshall,  consulting 
engineers.  New  Cork.  N.V..  in  a  recent  issue  of 
Mni'nifi  and  Mefalhiniii. 

Tlic  researches  on  this  process  wcr(>  carried  on 
at  the  Massachusetts  Institute  of  Tecimology  by 
Prof.  C  K.  Havward.  in  coiijuiiction  with 
Messrs.  H.  M.  Schleicher  and  Donald  Belcher. 
The  ores  u.sed  have  been  mostly  suli)hide.  The 
ferric  chloride  formed  at  the  anode  compart- 
ment of  the  cell  is  led  over  the  sulphide  ore. 
thus  reducing  the  ferri<-  chloride  and  effecting 
the  solution  ot  iron  at  the  same  time.  Sul- 
phur, deposited  in  the  gaiigue.  is  recovered 
as  brimstone.  Any  copper  that  is  dissolved 
must  be  removed  by  precipitation  on  scrap 
iron,  an  offers  another  by-product.  The 
pyrrhotite  ore.  on  which  the  stress  was  laid  in 
this  research,  is  the  cheapest  and  one  of  the 
most  abundant  ores  in  North  America.  How 
this  proce.ss.  uni(iue  in  iron  metallurgy,  con- 
verts this  ore  into  valuabh-  ijioducts  is  shown 
bv  the  fact  that,  with  ease.  90  per  cent,  of  the 
iron  must  be  recovered  as  pure  electrolytic 
iron,  and  90  to  9;")  per  cent,  of  the  sulphur  as 
brimstone.  The  current  density  may  be  varied 
over  a  wide  range.  20  to  100  amp.  per  sq.  ft.  ; 
the  voltage  varies  from  1.5  to  4.0  volts.  The 
use  of  chemical  depolarisers  and  addition  agents 
has  been  avoided. 

A  number  of  tubes  have  been  made  by  this 
proce.ss.  The  iron  of  these  is  most  oompact, 
consisting  of  a  fine  network  of  ferric  crystals; 
its  resistance  to  atinos|)hcric  corrosion,  as  com- 
pared to  wrought  iron  and  low-carbon  steel,  is 
marked.  Tests  mad<'  in  o  per  cent.  siili)bunc 
acid  at  room  temperature  showed  wrought  iron 
to  corrode  nearly  twenty  times  as  fast  as  electro- 
lytic iron. 

The  Eustis  proce.ss  uses  no  .solid  fuel,  and 
therefore  enters  into  direct  competition  with 
electric  smeutling  operations,  but  with  the 
advantage  that  the  expenditure  of  electrical 
<'nerg,v  per  ton  is  much  less.  A  sample  of  the 
iron  was  submitted  to  chemical  analysis,  and 
Kave   the  following  results:    Sulphur.- 0.002  per 


cent.;  silicon.  0.002;  phosphorus.  0.0016;  carbon 
trace  (not  over  0.00;5).  Tiiis  would  show  the- 
iron  to  be  more  than  99.99  per  cent,  pure; 
thought  to  be  the  purest  iron  on  record. 

Pure  iron  is  wanted  for  making  special  steel, 
boiler  tubes,  electric  motors,  generators,  trans- 
formers. telegrai)h  wires,  and  for  many  other 
purposes.  It  has  unusual  mechanical  and  elec- 
trical properties  which  open  up  many  special 
fields.  Moreovei',  it  may  be  u.sed  to  rc^place  iron 
or  steel  in  sheets  and  tubes  on  a  purely  price- 
competition  basis. 

From  F]scard"s  articles  in  the  "  Genie  Civil  " 
we  lea  I'll  that  a  P'rench  tube  about  4in.  in 
diameter,  and  (l.03in.  thick  withstood  a  burst- 
ing pressure  of  l.llOlbs.  i)er  .sq.  in.,  which 
amounted  to  a  fibre  stress  of  7;}.500lbs.  per  sq. 
ill.  The  high  ductility  of  the  iron  is  shown  by 
the  fact  that  a  tube  may  be  drawn  throuiih 
five  reductions  without  reheating.  Particularly 
striking  is  an  ex])eriiiieiit  performed  on  a  cone 
12  mm.  high  and  16  mm.  in  diameter  at  base, 
which  was  flattened  out  until  the  base  was  40- 
miii.  ill  diameter  without  the  circumference 
cracking. 

Tests  made  by  the  National  Tube  Company 
and  others  show  electrolytic  iron  to  have  a 
yield  jioint  of  o2.000ibs.  per  sq.  in.,  and  an 
ultimate  strength  of  40.000  to  80.000lbs.  per 
s(|.  in..  de])eiuliiig  u|)on  the  heat  treatment. 
The  scleros<()pe  hardness  was  17.  drojiping  to 
1 1  ;on  reheating.  'IMie  IJrinell  hardness  was  158, 
dropping  to  54.  'i'he  elongation  was  12  per 
cent,  on  an  S-in.  strip,  and  the  reduction  of 
area  50  per  cent. — F.  A.  Eustis,  Iron  and  Coal 
Tradr  Jirvii'ir.  January  6.  1922.  p.  11. 
(.I.A.W.). 

Pi..\TiNrM  IN  1921. — Stocks  of  j^latinum  at  the 
beginning  of  1921  were  46,747  o/...  nearly  75- 
per  cent,  greater  than  in  the  ])revi()iis  year. 
Inipoits  fo!'  the  first  nine  months  of  1921  were 
52.200  oz..  or  slightly  lower  than  in  1920.  How- 
ever, the  available  platinum  was  apparently 
more  tnan  sufficient  for  the  decreased  demands, 
particularly  of  the  jewellry  industry,  as  the 
price   for  the   metal   continued   to  decrease  until 


July,  when  the  low  level  of  (55  dollars  p( 
was  r(>aclied.  After  midsummer  there 
increase  in  price,  and  by  niid-Xovember 
lars  was  asked  for  small  <|uaiitities  of  |)1 
More  recently  the  market  has  ea.sed. 
appears  nrobable  that  platinum  may 
further. 
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(a)  Fixed  price. 

Columbia  still  contiuues  to  supply  over  halt 
of  the  crude  platinum  demand  of  the  United 
States,  though  both  England  and  France  have 
contributed    considerable    metal.  Japan    has 

placed  an  embargo  on  the  exportation  of 
platinum,  apparently  with  the  purpose  of  build- 
ing up  a  reserve,  for  she  has  taken  over  half 
of  the  unmanufactured  platinum  exported  from 
the  Uftited  States,  and  has  undoubtedly  been 
in   other  markets   as  well. 

Iridium,  which  was  quoted  at  325  dollars  per 
ounc-e  at  the  first  of  1921.  gradually  lessened  in 
demand,  apparenily  reflecting  the  slump  in  the 
automobile  industry.  By  midyear  the  price  had 
declined  to  \6t}-\li)  dollars  per  ounce,  and  it 
is  reported  that  towards  the  close  of  the  year 
holders  of  iridium  or  osmiridium  could  find  no 
bidders  for  their  metal.  It  was  hoped  that 
Mr.  Urquhart's  negotiations  in  Russia  might 
result  in  renewed  mining  activity  in  that 
country,  but  the  Soviet  Government  was  not 
ready  to  li.sten  to  reason,  so  another  year  has 
been  lost  in  re-opening  the  world's  richest 
platinum   mines. 

The  Canadian  nickel  mines  were  closed  in  the 
fall  of  19J1.  which  will  result  in  a  loss  of  several 
hundred  ounces  of  platinum  and  palladium  a 
year.  The  Columbia  production  should  continue 
to  inc-rea.se.  and  there  is  every  reasim  t<j  feel 
that  th*»  domestic  market  should  have  sufficient 
Kupplies  during  U>22  to  a.ssume  a  scmewhat 
lower  price  for  all  of  the  platinum  group  metals. 
— Jamks  M.  Hill.  Ge<jlogist.  Tnited  States 
(jw»logical  Surrey,  by  permi.ssion  of  the  Direc- 
tor. Kii'liitterinti  unit  Miniinj  Jtniriiiil.  Xew 
York.  January-  21.  1922.  .\unual  Progress  Num- 
ber,  pp.  «6-M7.      (.I.W  > 

Tiir.  Froth  Flotation  I'kockhs  and  .Mktai.- 
l.lKf.K'%i.  CoKK.  -The  Ix-neficial  effect  on  the 
phv>iir-al  strength  of  metallurgical  eoke  made 
from  ...kii.,'  r  ,;i|s  aftcT  treatment  by  the  Froth 
F  s  of  cleaning   lia.s   Ih-cu    further 

d»-ii -ti'.i.-i     .i>      prac-ticaj      trials      that      have 

taken  p|;u-«.  in  South  Wales  under  the  super- 
riAion    of    .MiiiernU    S«|.  Limited.      The 

re«ult«t     c»f     cine     of     tli  •.    arc-    set    out    In 

Table    I       — 
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nient  were  very  inferior  in  coking  properties 
(the  coking  constituteiit  thus  separated  is  de- 
nominated bright  in  the  table):  — 

Table  II. — Samples  of  Cuke  made  fiom  Srottisli 
Coals  after  Treatment  hi/  the  Tmth  Flota- 
ti'in    Prinrs<. 


Material 


Analvsis 


Product     Wght 


Mois- 


ture 

per  per 

cent.  cent. 

( )riginal       100  C» 

Mright              SO-0  80 
Dull                  -20  0 

Original        10»>0  — 

Bright              TO-.-.  ISO 


Ash     B.TU.     \^,^-     Coke 
matter 


per 
cent. 


per 
lont. 


.5-74.     l;i.J7S     8i-32         — 
■i-34-     lH.TtiO     1'612     Good 
10-36     12,S77     25-73 


Dull 


295       — 


15-S2      12.IISI      22-:>(>         — 
4a(i     13.5H1      2t3-.j2     Very 
good 
50  08        —         17-92        — 
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Dull 


Original 
Bright 

Dull 


100-0  — 

.-.3  7  6-4 

«)3  — 

KHi-O  _ 
()3-3 

3(>7  — 


S-30  12.S77  2.-.  51.  — 

4-yO  13.27:i  23-(i(>  (lood 

11  7N  12.(>S0  22-()9  — 

.S-30  13.075  :U()5  — 

4-3 1  13.<;50  33  37  Very 
good 

11-5S  12.S77  33-21  — 


This  section  of  the  rescaicli  is  in  its  early 
stages,  and  it  is  not  yet  to  lie  inferred  tli.at 
the  .Miiieiais  Sejiaration  Processes  are  a|)plic- 
abie  to  all  non-coking  coals  foi-  obtaining  a 
•i)king  product.  It  may.  hoxvevei.  be  taken  as 
established  that,  where  tlu-  non-coking  pioper- 
ties  of  a  c-oal  are  due  to  the  presence  of  fusain. 
the  fusain  can  be  removed,  leaving  an  excel- 
lent coking  product. 

This  discovery  marks  a  new  stage  of  develop- 
ment in  the  preparation  of  nietailurgica!  fuels 
Many  iron  ores  are  at  present  niiexploited 
■^«ing  lo  a  dearth  of  coking  coal,  and  tlie  dif- 
lereiitial  method  may  well  lead  to  far-reac  liiiig 
•  '('oiioinic  de\ flupments  ill  tlio^e  coiiiilries  at  the 
nioiiieiit  iiidustiialiy  impotent  in  sn  lur  as  eoii- 
;erns  coking  c-oal.  —  F'hnkht  Miitv.  Iron  and 
Coal  Tiadrs  Krvieir.  .laiiiiaiv  <)  1922  n  2 
(.1  .\  \V.) 


.MINING. 

Sciiai'inc;  anh  Loaiunc;  in  Minks.—  Operators 
have-,  lit  Lite-,  devoted  i misiderable  attention  to 
the  vilutioii  ol  ore  handling  piolilcnis,  particu- 
larly ill  htopc'N.  The  inelliciency  in  shoveling 
and  itN  attendant  high  cost  has  led  to  tlie  de- 
velopnieiit  of  a  niimlK-i  of  Hhoveling  and  loading 
iiiuchiiieH  and  applianies  .Sin  li  ii  niiiiliiiie  niUNt 
not  Im-  t<Hi  heavy  and  its  appliiiit  ion  must  pio- 
vnle   lor   flexibility. 

The  nuthoi  Mtates  that  a  soliitiDii  to  tiie  pioli 
lein  lifd  III  the  iim*  of  MTn(ien>  drawn  by  snutll 
c-oinnrtHiiMHl  nir  lioiHtii.  TIiih.  Hciaper  in  similar 
III  clenigii  and  operutioii  to  the  familiar  horse- 
diiiwii  scraper  seen  every  diiv  in  sllllare  ex- 
cut  atllig  Hoik  or  to  tilt*  drag-line  scraper  used 
III   iliU-hiiiK  and   laiifv  excuviition    work. 

For  UM'  iiiiciergiound  the  stniill  compressed 
Rir    hoiiit    IS    iiminlly    tnount<-d    on    a    turn  table, 
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whirh  is  made  fast  to  a  timber  skid  or  a  truck, 
I  lie  whole  beinj^  placed  behind  one  of  the  chute 
laises  and  blocked  down.  One  man  operated 
the  hoist,  another  the  scraper.  He  carries  it 
to  the  pile  of  broken  ore,  holds  it  by  the 
handles  at  the  proper  angle  as  it  is  pulled 
into  the  ore  by  the  hoist,  and  then  follows  tlic 
load  as  the  scraper  is  pulled  to  the  clnitc. 
When  it  is  not  possible  to  have  a  straight  liaul 
the  operator  steers  the  .scraper  around  a  slight 
turn,  or  where  tliis  is  too  abrupt  a  snatch  l)lock 
is  brought  into  use.  Where  loading  chutes  are 
not  accessible  trucks  are  loaded  direct,  the 
scraper  being  pulled  up  an  incline  of  planks. 
The  scraper  in  use  on  the  iron  mines  holds 
ai)proxiniately  ."?  cu.  ft.  If  the  ore  is  fine  it 
will    push   along   up   to   .■)   cu.    ft. 

The  priiicijia!  atlvantagos  claimed  are  sim- 
plicity, low  first  cost  and  fle>;ibility.  and  saving 
in  lashing  cost.  The  disadvantage  is  the  hard 
manual  laboiii-  involved.  It  is  in  use  in  coal 
mines,  iron  mines,  and  copjier  mines,  where  the 
workings  are  rather  flat. — W.xhu  Hoyck.  Eiu/i- 
iii'criiKi  (111(1  Minimi  Jnurniil  cf  Ncir  Turk. 
loth    December.    l<)2i,    \>.   92.").      (F.W.) 

(iKoi.ocacAi.  -MKTHons  OK  Tni;  Ho.mkst.\kk  Gom) 
MiNiN(;  Co.  -.\t  the  Homestake  (iold  Mine 
geological  work  «as  formerly  considered  un- 
necessary. To-day  two  geologists  are  employed, 
so  that  i)rospec-ting  can  i)e  cairied  on  in  a  more 
intelligent  nninner.  The  geological  dei^artment 
of  this  mine  is  mai)ping  out  in  di>tail  a  surface 
area  of  25  sipiarc  miles  and  22  mine  l(>ve!s, 
with  a  total  of  (5(5  miles  of  drives  and  cross- 
cuts, besides  stojjcs  in  various  stages  of  dcvelo))- 
inent . 

The  ore  lias  been  iouinl  to  lie  associated  willi 
the  folding,  so  that  tlie  problem  of  ore  finding 
has  resolved  itself  into  one  of  working  out  the 
location  and  exact  .structure  of  the  major  folds 
and  then  the  location  and  stiucture  of  (he 
minor  or  drag  folds. 

In  surface  exposuie  mapping  the  tracing  ot 
certain  i-rominent  or  key  beds  has  been  found 
the  best  means  of  working  out  sti'ucture.  In 
so  doing  it  has  been  found  that  their  course 
aci-oss  country  has  been  a  devious  one,  and  by 
carefully  ])lotting  them  the  structure  i.s  gener- 
ally coin|)leted.  The  Cjuartzites  serve  as  the  best 
key  beds  and,  being  more  resistant  than  .shales 
or  .schists,  their  outcrops  are  more  prominent. 
In  tracing  key  beds  it  is  found  necessary  to 
keej)  in  miiul  the  alterations  tliat  may  take 
place  along  the  strike,  such  as  variation  in 
deposition,  change  in  general  ap])earance  diu 
to  dynamic  inctamoi])hism  in  the  intensely 
folded  areas  and  metamorphism  due  to  proxi- 
mity   of    igneous    intrusives. 

In  underground  mapping  all  formations,  con- 
tacts, watei-  courses  and  faults  aie  mapped  in 
detail.  Many  specimens  are  taken  for  assay 
and  petrographic  examination.  The  scale  ol 
the  cross  sections  of  the  mine  are  100  feet  to 
lin.  Vertical  sections  are  made  at  1.000  feet 
intervals.  This  gi\es  four  vertical  divisions  of 
the  developed  ore  body  f)f  an  average  de))th  of 
2,3.')0  feet.  Pori)hyry  dvkes  cutting  through  the 
Homestake  ore  body  have  in  |)laccs  d'scon- 
iiected  and  completely  enclosed  blocks  of  ore. 
This  has  been   brought    out    in    the   mapping. 

Most  exploration  is  carried  ovit  by  diamond- 
drilling.  The  geolog,v  of  the  bore  is  carefully 
plotted  and  correlated.  Records  of  petrographic 


and  micro.scopic  work  .show  texture  of  rock; 
original  structure;  .secondary  structure;  per- 
centage and  kind  of  primary,  .secondary  and 
ixietamorphic  con.stituents ;  percentage  and  kind 
of  accessory  minerals ;  nature  of  ground  ma.ss 
and  description  of  mineralization.  Whenever 
practicable  photograph  records  are  made  of 
rock  exposures,  contacts  and  folds.  These  form 
useful  evidence  of  structure  after  the  rock  has 
been  mined  or  caved. — L.  H.  Whkjht  and  J.  0. 
HosTKO.  Knijinerrinii  and  Minimi  Journal  of 
.\.y..    December   3,    192L    page   887.      (F.AV.) 

Mask.s  .\s  Photkction  in  FiHK  Fighting. — 
Gases  and  vajiours  may  cau.se  three  atmospheric 
conditions  dangerous  to  life.  Dr.  H.  Foster 
Haiu.  Director  of  the  I'liited  States  Bureau  of 
.Mines  lias  i.ssued  a  statement  regarding  these 
conditions,  in  which  he  gives  the  following  in- 
lormation    anil   advice. 

First,  in  warfan-.  llieie  are  jioisonous  gas(>s 
from  shells  or  boinlis  which,  as  they  are  dis- 
charged usually  in  the  open  air,  occur  in  low 
concentrations;  that  is.  the  actual  p(>rceiitage 
is  small  and  there  is  no  mateiial  dei)lctioii  of 
oxygen.  This  condition  was  met  eliiciently  by 
the    army    gas    masks. 

Second,    in    iiidiist  lii-s, 
sncli    gases    as    amnionia, 
carbon    mohoxidc    may    be 
accidents  or    rejiair   work, 


ligh  conci'iit  rations  of 
sulphur     fumes      and 

encountered  through 
though    usuallv   there 


IS  plenty  of  oxygen  in  the  air  for  breathing. 
This  condition  may  be  met  by  the  use  of  masks 
with  s))ecial  absorbents.  Army  masks  are  value- 
less lor  carlion  monoxide  and  high  concentra- 
tions oi   ammonia    and   many   other  gases. 

Third,  ill  confined  spaces,  such  as  in  tanks, 
liascmeuts  and  in  mini's,  following  ex[)losions 
oi-  fires,  there  may  be  ]>oisonous  gases,  fumes 
or  inert  gasi-s  in  such  (luantity  that  the  oxygen 
content  may  be  so  i-educinl  that  the  atnios])heie 
will  not  sustain  life,  indeixuident  of  the  toxic 
effect  of  the  gases.  ju  this  condition,  no  mask 
is  of   any    vahie. 

I'.se  of  army  masks  and  other  masks  has  led 
to  a  numliei-  of  deaths  in  fire  tighting,  in 
eleaning  petrol  tanks,  and  in  entering  mines 
ill     which     there    lia\e    licen     fires.  Only    self- 

contained  breathing  ajiparatus  that  supplies 
abundant   oxygen    is   of   avail    in    these    places. 

A  mask  has  been  developed  by  the  Hureaii 
which  will  allow  the  wearer  to  ent(>r  smoke  and 
liimes  gi\eii  off  in  the  o))en  aii-  or  in  large 
ipen  buildings,  but  it  must  be  borne  in  mind 
that  when  there  is  deficiency  of  oxygen,  as  in 
mines  after  exjilosions  or  fires,  in  confined 
spaces,  in  surface  fires,  in  basements  or  closed 
rooms  or  where  illuminating  gas  or  petrol 
va))()ur  may  be  i)resent  in  high  coiu'entratioii, 
only  self-contained  breathing  api)aratus,  other- 
wise termed  ox\gen  breathing  a])paratus,  can 
be  safely  used. 

Insufliciency  ot  oxygen  gives  no  warning. 
Kapid  changes  may  occur  in  the  air  of  a  mine 
after  an  (xjilosion  or  during  a  fire,  and  a  man 
wearing  a  gas  mask  ma.v  (iroj)  without  warninu 
when  be  encounters  an  atniospliere  deficient  in 
oxygen.  The  Bureau  therefore  recommends,  on 
the  basis  of  pres(>ut  evidenc«>.  that  only  self- 
contained  oxygen  breathing  apparatus  should 
be  used  in  mines  following  ex])iosioiis  or  fii'es. 
— Dh.  H.  Fostkh  H.vix,  Minimi  mid  Mel idl<ir(iy. 
i-eprinted  from  Bureau  of  Mines,  I'.S.A..  Feb- 
ruary,  1922,  p.  (59.     (F.W.). 
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The  Preservative  Treatment  of  Mlne  Tim- 
ber.— The  author  describes  the  general  coudi- 
licn  of  timber  placed  underground,  its  short  life 
and  the  desirability  of  prevention   of  decay. 

In  general  a  tree  is  composed  of  duramen 
or  heartwood  and  alburnum  or  sapwood.  It  is 
the  latter  which  is  subject  to  decay,  not  only 
because  of  its  position  on  the  outside  but  be- 
cause it  contains  the  living  cells  which  are 
subject  to  attack  by  fungi.  Fun^i  are  propa- 
gated chiefly  by  spores,  which,  when  ripe,  are 
discharged  in  clf)uds.  float  about  in  the  air. 
and  in  settling  on  wood  infect  it.  Tiie  spores 
penetrate  into  cracks  wf  the  w(jod.  where  they 
germinate  and  spread.  Infection  or  transfer- 
ence of  di.sease  is  easily  effected  by  the  tools 
used  in  working  wood  or  even  through  Fhc 
clothes  of  the  miner.  Decayed  wood  left  lying 
about  is  a  ready  source  of  infe<^tion  of  new. 
lean    timber. 

Seasoning  of  the  wood  is  important.  The 
bark  should  be  stripf>e<l  off  and  the  timber  at 
lea.st  air  dried.  C'orre<t  stacking  and  attention 
to    ventilation    are    fundamental    ref|nirement«.. 

T»'o  problems  mu<.i  })e  solved  in  the  treat- 
ment for  pre-ervaiion.  First,  an  aniJMptic 
ehemical  muM  Ik*  found  whicli  is  toxic  to  fungus 
growth:  .swond.  a  methml  of  application  of  this 
chemical  has  to  ht-  developed.  The  following 
preservatives  have  J»een   used  chiefly:  — 

Creosote,  which  is  well-known.  It  is  lii/b 
in  cr»st  ill  many  lo<alities.  renders  mine  timber 
iiiu-«jmfortabie  in  liandling,  and  is  hitrhly  ui- 
rianimable. 

Zin<-  chloride,  a  uater  soluble  ie;i;iiiii.  li;i^ 
be«-ii    widely   u!>ed. 

Mereiirie  '  ile.    i.s  a  powerful  antiseptic. 

hut    i«   very  . ve. 

•ri    ehlonde.    was   formerlv   used    in    ship- 

Iron  oiilfihate  in  considered  useful  for  taiini- 
:>Toiis  w«.'«ls.  but  with  others  decoiii|>oseK  on 
uxidatiifii.  forming  sulphuric  acid  and  thus 
'le*troyiiig    worxl    r-ell.s. 

(VipfHT  sulphate  is  suitable  iiiidergroiind. 
Mhere   watem  arc  rich   in   iron. 

S<xJiiim  fluoride  has  iK-en  toiiiid  efleetive 
and    iiHe<i    in    Austria. 

n,i-'  Is    of     treatment     aie    dis(-iiss4>d  : 

H    >   '  lit.    o|H-n    tank     treatment,     and 

I  ireatMient.      For  Witwatersrand  timber 

I:.'    .....    two   iuhhI  only    b<>  (oiisidereil. 

In     (rlfie**    «»f    the    eommoii    xiiic    chloride    the 

•  te      Irom      r<*4lii;'tioii 

•     ji       ■  with      and    has    Ikhmi 

fuiinil    to   serre   n*   nn   erie<'ti\e    toxin    to   fiiiigiiN 

./...,» rl.        t'racticnl    t^-sts    wer"-    conduct*  d     over 

1    at    the    U<M«e    Deep    .Mine    ned    the 

•Mam    |{<*<-f    Mine    with    gri-at    siii-> 

itiire    of    7.iii(     kiilphate    mul    mmIiiiiii 

was    not    found 

dphat'-. 

TiM'    advaiiln|{(>M    to   b»   Kftin***!    with    thin    re> 

■  l/eiit  lirsides  |ir'         ■     '  loll  iif   Ir    *  *      >p- 

n*Mt    •ri<l     thi-  of     n-  'v. 

''  till   iJiive 

'    (iiinuni 

I  <••      ni       '  ll       HMO 

•  •                        .    the    .  and 

Kiim    till  'I    afMorplKiii    iH    one  hnll    |i«iiiiid 

••'    '"■'       .., •*'    jwr   ciibic    iuui  of    timlfei    was 


aimed  at. — L.  D.  Hixgle,  The  Journal  of  the 
South  AJriraii  I nstitut'ioti  of  Eiiijincrr.<:,  March. 
1922,  p.  152.     (F.AV.) 


MISCELLANEOUS. 

A.nthracoal. — .Intliracoal  is  n  dense  coke 
foimed  by  distilling  a  mixture  of  small  anthra- 
cite coal  and  coal-tar  pitch  or  other  suitable 
l)itiinien  (<•/.  I'.S.P.  1.2S7.382:  J..  1919.  12Sa). 
It  may  be  made  in  a  coke  oven,  and  when 
pushed  from  the  oven  tends  to  remain  in  large 
masses  which  are  broken  under  a  hammer  and 
show     an     irregular     fracture.  .Viitliracoal     is 

I'eiiser  and  touyher  than  coke.  Tiie  proportion 
of  pitcli  used  in  the  mixture  is  10 — 17  per  cent., 
varying  sligiitly  with  tiie  character  of  tiie  coal 
and  the  metju)d  of  grinding  and  mixing.  Tiie 
amount  of  hy-jiroduits  in  anthracoal  gas  is 
i — i  of  that  in  gas  from  bituminous  coal,  and 
it  is  doubtful  whether  any  form  of  In-product 
recdvery  would  l)e  commercially  feasible. — D. 
-Makki.k.  .\mer.  Inst.  Min.  .Met.  Eng..  .Jiiiin>iil 
"I  Surii'hi  )if  Cliriiiitol  hitliisl III.  ()<-tober  !•"). 
1921.    p.    «>H»A.      (A.W.) 

litoN  Haiti.1!1a  in  Hki.atu»n  to  THK  I.NCUIS- 
TATioN  OK  Pii'Fs. — Illustrations  are  given  of 
/.ilitliiifliiij-.  (liiUiiiiiiUd  ferriiiincd.  Clddotlii  ir 
iliilitifiiiiiii.  ('  ii'uiiihri.r  iml  i/siiora .  and  N/<;/o/(/(  i//- 
hiiii.  all  found  in  this  country.  .\s  tiiey  are 
sapiopiiyies  particular  attention  should  be  paid 
tit  the  organic  matter  contained  in  water  pass- 
ing tiirough  pipes;  this  sliould  be  measured  by 
the  iininber  of  bacteria  that  the  water  can  sup- 
port lathei-  than  by  cliemical  analysis.  Acid 
waters  are  more  favourable  to  iron  bacteria 
than  alkaline  or  soft  silicious  waters:  the  bac- 
teria <an  multiply  in  the  absence  of  iron,  but  in 
its  pre.seiu'C  they  prmnote  the  oxitlation  of  fer- 
r.nis  comp.iiiiids.  t.'iilliiiiiilln  and  Siiiro/ih  i/ll mn 
i.ie  responsil)le  for  tlie  slimy  sti-eanieis  lound  on 
the  Malls  of  reservoirs  and  pipes.  .Mtiioiigli  tlie 
water  may  contain  only  1  |)t.  of  iron  in  l.(>(MI.(MK) 
th's  will  accumulate  in  the  ci«ll  walls  of  the 
Itaiteriu :  the  dead  organisms  furnish  organic 
mutter  for  the  next  generation.  Tubercular  in- 
crustratioiis  upini  iron  pipes  result  fioni  the 
presenci-  in  the  water  of  carbon  dioxide,  the 
coiK  eiitration  of  whi<h  is  lo<ally  increased  by 
baetetia.  Iron  in<-rtistat ions  upon  non-lernmiii- 
oiis  siirlaies  ale  eiitirel\'  <lne  to  ba<'tei'iii.  When 
iron  bacteria  are  found  in  water  the  organic 
matter  should  Iw  lenioved  liv  aeratimi.  Iiy  tiie 
urowth  of  grii'ii  plants,  by  bacterial  action  on 
filters,  and  by  allowing  animals  to  feed  upon 
it  at  the  surface  of  the  water  Iron  in  the 
ferrous  form  e<imbiiieil  with  oruanic  radicles 
will    Im-    |iartly    removed    by    these    methods.      I). 

Kl-l-m,   Se<-t.    (;.,    Hrit.    Ass..    1921.    Kngi ring. 

7«»i/r.    S»,  .     t'hriii.     /»!«/..    October    M       1!»2I       p 

:i7a,    (A.w.) 

PoWKH    (i»ll    »'HOM    SkW.\UK.        Ill    all    eX|ierinien- 

'    '         '<"n  at    llirminghnm,  giis  emaniiting  from 

liidgi-    fioin    which    the    liipiid    bus    been 

>ip.ii,tied  is  iimmI  lor  general iim  powi-r  for  piir- 

p..-.  ==     coiiiiecied      Willi      the     pil  nfii  lit  Ion     of     the 

The   inslalliition   consisls  of   a   .'i  I    b  h  p 

ii<<     which    ijiives    a    sludge    pump,    two 

I  I,         ii    ■  stioii    taiikN    for    the    gcnerntioii    of 

>,.-     .•■•■I    .1    uus   holder,    it    in   designed    to    give 


176 


Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Mar.,  1922. 


25  b.h.p.  for  six  hours  per  day.  The  engine 
was  designed  to  work  on  town  gas.  but  no  ad- 
.iu.stnu'uts  were  necessary.  The  sewage  gas  con- 
tains 43.3  per  cent,  of  methane  in  addition  to 
hydrogen,  nitrogen  and  caibon  dio.xide.  I'nder 
the  low  temperature  conditions  of  this  country 
a  reliable  supply  of  gas  for  power  purposes  may 
be  ()btain(>tl  from  the  .sewage  sludge  rather  than 
fi-om  the  licjuid  .sewage.  In  the  absence  of  the 
li(iuid.  bvdrogen  sulpbiile  is  rarelv  generated. — 
J.  D.  \yATSON.  Sect.  (;..  Brit".  .\ss..  1921. 
Knginecing.  Jour.  Soc.  Chctn.  Ind..  October  31. 
iiiil<)21.    p.    7I8..V.      (A.W.) 

I.NDisTJU.M,  Fir.TKii  Ci.oTHS. — Filter  fabrics 
can  be  divided  into  two  main  classes — those 
used  foi'  ncutial  and  those  used  for  corrosive 
liquors.  The  latter  are  mainly  special  media 
of  wool,  metal.  asb(\stos,  stone,  etc.  For  non- 
corrosive  li(|U()is  cotton  is  generally  used. 

Cotton  filter  fabrics  are  made  up  in  duik  oi 
plain  twill,  or  chain  weaves.  Plain  weave 
lias  the  s{|nare  or  right-angle  appearance  of  all 
ducking.  Twill  has  the  diagonal  lines  so 
characteristic  of  its  weave.  Chain  has  a 
herring-bone  api)earaiice.  Muslins  and  drills 
are  trade  names  for  very  light  duck  and  twill 
weaves. 

If  the  cloth  is  open  or  .so  thin  as  to  prevent 
the  finei'  particles  from  collecting  within  the 
fabric,  discharge  of  the  cake  from  the  surface 
cleans  the  cloth.  Kx|)eiience  has  proved,  ec- 
|)e(  ially  in  the  case  of  sluicing  discliaige.  that 
the  surface  of  the  cloth  iniist  be  smooth  for 
the  l)est  results.  .\  duck  weave  has  proved  a 
better  cloth  than  a  twill  for  this  reason.  .\ 
new  filter  cloth  held  ii]i  against  the  light  may 
show  open  i)ores  and  yet  become  positively 
dense  when  wetted  oi-  in  operation  for  a  few 
runs.  In  this  case  the  reverse  current  cannot 
permeate  well  and  tends  to  belly  out  the  clotli 
without  lifting  the  cake  away  from  the  cloth. 
The  nap  or  hairy  siirtace  of  the  yarn  is  of  im- 
portance. The  nap  in  the  yarn  exercises  iin 
effect  similar  to  that  of  the  hair  in  wall-jjlaster. 
The  nap  is  the  loose  enu  of  the  cotton,  and  is, 
'  !'  :^ourse,  greatest  in  the  short  staple  stock. 
Egj'ptian  and  American  long  sta])le  make  cloths 
of  the  best  discharging  (|uality.  The  clieai^ei' 
grades  are  sometimes  singed  to  burn  the  nap. 

There  are  means  of  protecting  a  cloth  so  as 
to  prolong  its  life,  but  none  is  more  effective 
than  adeipiate  support  in  the  drainage  member. 
.•\  suiiporting  screen  should  have  a  protector 
for  light  cloths.  An  open  weave  burla])  cover 
or  support  is  often  the  most  satisfactory.  This 
cu.shions  the  filter  medium  again.st  the  drainage 
member  and  often  adds  to  capacity. 

I'rimal  consideration  is  no  longer  given  to 
the  late  of  filtiation  of  the  cloths.  With  few 
exceptions  the  resistance  of  the  depositing  cake 
to  the  flow  is  many  times  that  of  even  dense 
cotton  duckinn.  Most  operators  are  realising 
that  the  true  filter  medium  is  the  layer  of  .solids 
which   '\>t  being  deposited  out  of  the  liquor. 

Dealing  with  corrosive  liquors,  for  weak 
caustics  like  milk  of  lime,  cotton  can  be  used. 
Precautions  must  be  taken,  however,  to  prevent 
concentration  of  the  caustic.  Wool  is  the  least 
advisable  material  to  use  on  caustics.  Fcir  an 
acid  liquor  wool  is  (piite  suitable.  Stiictly 
speaking,  the  best  acid  filter  medium  is  silica 
or  other  inert  comjiounds,  such  as  earbornn- 
dtim.     Filtros,  a  porous  fu.sed  silica,   is  typical 


of  the  cla.ss  of  media.  Meclianicallj'.  these  do 
not  lend  themselves  so  well  on  account  of  a 
tendency  for  solids  to  penetrate  their  surface. 
Metallic  cloths  are  used  to  an  extent.  For 
cleaning  the  fouled  filter  media,  chemical  treat- 
ment is  advised. — A.  Wuight.  I'lie  Cheinical 
Trade  Journal  and  Chem.  Enuinci'r.  American 
Chemical  Societv.  page  621.  .N'ovember  19.  1921. 
(F.W.) 

TiiK  I'liosrn.vTK  iNnrsTUY :  Soukcks  of 
HiPi'LY  OK  Mi.NKU.M,  Phosph.xte. — The  author 
remarks  that  in  pre-war  days  little  interest 
was  taken  in  mineral  phosphate,  hut  a  shortage 
almost  amounting  to  a  world  famine  directed 
attention  to  the  known  deposits.  rnfortun- 
ately  his  table  of  the  various  producing  coun- 
tries and  their  outputs  onlv  goes  as  far  as 
1913. 

1907.  1913. 

Long  Tons.    Long  Tons. 

liiited    (States    2, 301. ()()()         3. 1(51. COO 

Tunis   l.()()9.00(l  2,2Sf,000 

Algeria    31."").()()()  461.000 

F.rance    37.""). 000  335,000 

Helgium    ISl.OOO  219,000 

Christmas    Island    290.(101)  152.000 

Other    Pacific    I.s"ai,ds...  190.000  122.000 

Other    Countries     ,58,000  195.000 


4.779.000 


.229.000 


He  gives  the  average  yiekl  of  calcium  phos- 
phate from  beds  that  are  being  worked.  Im- 
portant fresh  discoveries  have  been  made  in 
.Morocco  and  .\lgeria.  .V  Palestine  discovery 
in  19Hi  niatle  !)>■  a  (ierman  is  saiil  to  have  by 
l)()iings  shown  ii  de[)th  of  approximately  65ft., 
and  an  average  value  of  72",,  of  calcium  ])hos- 
phate,  in  places  rising  to  83%.  There  appear 
to   be   many   others   of   similar   character. 

He  concludes  that  it  is  impossible  in  the 
space  available  to  deal  with  every  known  phos- 
pliatic  (le|)()sit  in  detail,  but  all  th(>  more  im- 
portant have  been  referred  to  in  an  attempt 
to  show  the  magnitude  of  the  industry  which 
has  arisen  from  Lawes'  first  experiments  in 
dissolving  coprolites. — W.  I'ack.mu).  .!oiirn. 
Soc.    Chcin.    Ind.,    .\ugust    15.      (A.W.) 
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Proceedings 


AT 


Ordinary  General  Meeting, 
22nd  April,  1^22. 


The  Ordinary  General  Meeting  of  the 
.Society  was  held  in  the  Assembly  Hall, 
Scientific  and  Technical  Club.  100,  Fox 
Street,  Johanesburg,  on  Saturday,  the  22nd 
April.  1922,  at  8  p.m.,  Mr.  F.  Wartenweiler 
t President)  in  the  Chair.  There  were  also 
present  :  — 

29  Members:  Messrs.  C.  J.  Gray,  Prof. 
G  A.  Watermever.  F  \V.  Watson.  J.  R. 
Thurlow.  H.  R.  Adam.  .1.  Chilton.  A.  King, 
.1.  E.  Thomas,  John  Wat.son,  A.  Wliitbv, 
H  A  White  (Members  of  Council).  W. 
Beaver.  .7  Q  Braidwood.  Dr.  W.  A.  Ca!do- 
cott,  R.  A  Cooper.  J.  M  Dixon,  W-  S. 
Gordon.  Jas.  Gray.  J.  Henderson,  H 
Homer-'ham.  A  McA  .Johnston.  W.  C. 
Lindemann.  Lt.-Col.  E.  Pani,  T.  Proberts, 
J.  F.  Pvles,  C.  B.  Simpson,  Prof.  G.  H. 
Sfaniev.'W  K  Thorpe,  and  H  R  S 
W.lke- 

."*  .\'^fyiate«:   Mf-T-    .1     A.  Bovd,  G.  .1.  V 
Clarence.    C      K     D^akin.     J       Gibson,     and 
A.  A.   Wood 

2  Vijkitorn  and  H  A  G  .I#-fTrevs  (Secre- 
tary). 

MIXL'TEH 

Th*-  \(inat«ii  of  the  Ordinary  Gen*T.il 
Mfftiug,  held  on  the  iMh  F»l.ruary.  I'JJ2, 
at  reported  in  the  F'ebruary  .Imimnl,  were 
confirmed 

The  President  «aid  in  regard  to  the 
.Vlar'h  rii«'«-!  iii((,  A/nrh  wa«  to  have  l»een  h«'M 
on  the  IHth  of  I  hat  month,  and  wan  fir<ii 
pcMtponed.  and  then  abandoned,  that  becauMc 
we  were  ju<t  emer(;in|(  from  the  troiiblouw 
period  which  terminated  the  ulrike,  it  wa** 
revolved  by  the  CoiinnI  thai  it  would  nol 
be  opportune  to  hold  a  meetin((  nl  that  time 
Me  wa4  ^lad  to  utate  that   the   Meml>erii  ol 


the  Society  had  come  out  of  the  disturb- 
ances with  credit  to  themselves,  and  a.'' 
sound  citizens,  and  that  no  serious  casualties 
were  suffered  by  its  Membership.  An 
oppoitunity  presented  itself  to  do  something 
tangible  and  to  ee^tablisli  the  public  prestige 
of  men  engaged  in  the-e  pursuits,  when  the 
Government  called  upon  the  Associated 
Scientific  and  Technical  Societies,  to  which 
we  belong,  to  maintain  essential  services  for 
the  City  of  Johannesburg.  Bv  the  success- 
ful peiformance  of  the  task  a  valuable  ser- 
vice was  rendered  to  the  community.  In 
this  connection  the  Council  at  the  last  meet- 
ing had  passed  a  resolution  touching  upon 
this  matter,  which  was  as  follows: — "That 
this  Society  herewith  confirnis  the  action  of 
its  representatives  and  that  of  the  Control- 
ling Executive  of  the  As.sociated  Scientific 
and  Technical  Societies  of  South  Africa  in 
setting  an  exam])le  of  good  citizenshiji  and  a 
high  sen.se  of  public  spirit  to  the  com 
munity;  that  it  ])laces  on  recorti  its 
high  appreciation  of  the  work  done 
by  the  Special  Committee  ap|)ointed  to 
as.xiime  direct  responsibility,  and  congratu- 
lates them  on  the  successful  performance  of 
their  task  under  exceptional  circumstances; 
also  that  it  desires  to  place  on  iccord  its 
heartfelt  thanks  to  the  Poli<re.  Military 
Force-,  and  Volunteers,  who  cann-  Id  tin* 
help  of  the  ConiMiunilv  and  the  .'^t.iir  wlim 
itN  exiHlenrp   wan   ihroHtened." 

Mr.  Jas.  Cray  ">(!  lu-  liad  inucli 
pleHHure  in  moving  an  an  unopposed  motion 
that  the  aclir)n  of  the  Council  in  approving 
of  ita  repreitentaliveii'  action  on  the  Con- 
trolling Ex«<-ulive  of  the  A'-^ocuili'd  .Socie 
lifN  l>e  confitmed,  and  that  the  further  rt'sci- 
lulion*    bearing    on    the    iinforluiiHle     pcriotl 
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through  wliicli  we  passed  last  inoiilli  be 
endorsed. 

He  wished  to  say  in  tliis  connection  that 
we  who  are  residents  on  tlie  Witwatersrand 
know  full  well  that  our  experiences  were  a 
horrible  reality  and  not  a  figment  of  the 
imagination  as  some  of  our  so-called  repre- 
sentatives in  another  place  would  have  us 
believe. 

An  especial  debt  of  gratitude  went  out  to 
those  of  our  scientific  and  technical  brethren 
who  at  the  nerve  centre  of  the  town — the 
Power  Station — maintained  those  essential 
services  on  w^hich  the  observance  of  law  and 
order  was  so  largely  dependent. 

To  those  who  came  to  the  aid  of  the  State 
in  various  capacities  during  this  period  wo 
were  deeply  indebted,  and  to  the  bereaved 
our  fullest  sympathy  extended.  In  a  crisis 
like  that  through  which  we  had  passed  it 
must  prove  a  source  of  gratification  to  the 
Government  to  know  that  it  ])Ossessed  citi- 
zens who  realise  the  responsibilities  and 
obligations   entailed    by    citizenship. 

NEW   MEMBERS. 

A  ballot  was  taken  for  the  election  of  new 
members    and    the    following:    were     declared 


unanimously   elected:  — 

CoTTRi'LL,  G.,  P.O.  Box  14,  Springs:  Mine  Captain. 

Crichton,  Charles,  P.O.  Box  2,  Rcnoni :  Metalhiig- 

ist  and  Chemist. 
CuLLiNAN,  Thomas  W.,  P.O.  Box  286,  Johannesburg  : 

Director  of  Companies. 
f'RANCis,  Ernest,  P.O.  Ijox  UUS,  Cape  Town :  Boring 

Engineer. 
Hennessy,  E.  C.  C,  P.O.  Box   2536,  Johannesburg : 

Ex-Mine   Secretary. 
HuRTziG,  George   H.,  P.O.    Box  2,  Benoni :  Mining 

Engineer. 
Phillu's,  Frank  N.,  P.O.  Box  IKiii,  Joliaunesburg  : 

Director  and  Cliairman  of  Companies. 
TiiRNBiir,!,,  J.,   I'.O.  Hox  11-,  Springs:  Shift  Boss. 

The  Secretary  announced  that  the  fol- 
lowing gentleman  had  been  admitted  as 
an  Associate ;  — 

WiLKiNS,  Arnold  K.,  P.O.  Box  314,  Johannesburg: 
Insurance  Manager. 

OBITU.\RY. 

The  President,  regretted  to  have  to 
announce  the  death  of  one  of  their  Members 
since  the  last  meeting,  namely,  Mr.  Henry 
William  Pridgeon,  Manager  of  the  West 
Springs  Gold  Mine.  He  called  upon  mem- 
bers ))resent  to  ])ass  a  vote  of  condolence  and 
to  rise  from  their  seats  out  of  respect.  (The 
vote  was  pa.ssed  in  silence,  all  members  I'i.sing.) 

Mr.  J.  Henderson  then  delivered  the  fol- 
lowing led  ure  :  — 


THE  DEVELOPMENT  OF  THE  BLAST  FURNACE. 


Pv  .1.    Henderson. 


Mr.  President  and  Gentlemen,  it  is  with 
a  certain  amount  of  diffidence  that  1  bring 
before  a  Society  like  this  the  subject  of  iron 
and  steel  metallurgy.  But  if  any  excuse  is 
needed  at  all  it  is  in  the  first  place  thai 
such  an  industry  is  about  to  be  staited  in 
this  country,  and  secondly  it  is  an  industry 
of  extreme  importance.  I  think  we  must  all 
admit  that  the  primary  industi'y  in  this 
country  is  agriculture.  It  is  perhaps  the 
most  important  industry  to  humanity, 
and  tlien  T  claim  that  the  iron  in- 
dustry comes  next.  Of  course  yon  gentle- 
men as  representing  the  gold  industry  may 
feel  inclined  to  disjjute  this  contention,  but 
when  von  think  of  the  enormous  value  that 
the  iron  industry  is  to  humanity  \  tliink  you 
will  agree  that  it  is  o.ntitled  to  second  jilace 
both  in  ))eHce  and  i/i  war.  We  shall  all 
agree  that  if  it  had  not  been  for  the  enor- 
mous iron  and  steel  resources  of  the  Allies 
we  should  never  have  defeated  the  Central 
Empires,  and  it  is  therefore  the  duty  of 
everv  country  that  has  iron  resources  to  try 


to  develop  lliem  as  much  as  it  can,  in  the 
first  place  for  peace  purjioses,  and  after  that 
for  defe/isi/e  puri)oses.  The  im])ortance  of 
iron  workers  with  regard  to  national  defence 
is  illustrated  very  closely  in  an  instance 
which  Iia]i|)piied  in  the  days  of  I  lie  Israelites. 
Wiieii  tlit'  IMiilistines  conquered  them  we  are 
told  that  tliey  took  awav  the  smiths  into 
captivity,  because  they  knew  tliat  while  they 
held  the  iron  workers  prisoners  the  people 
were  ])ractically  defenceless.  The  same  thing 
holds  good    at    the  present    dav. 

We  have  no  record  as  to  when  or  how  or 
wdiere  iron  was  first  discovered.  Its  dis- 
covery was  ])robably  accidental,  as,  for 
instance,  through  a  ])iece  of  rich  iron  ore 
becoming  embedded  in  the  cliarcoal  burner's 
jiilc.  We  do  know  that  for  centuries  iron 
was  smelted  in  rude  hearths  with  charcoal, 
urged  with  goatskin  bellows.  On  an 
Egyptian  tomb  there  is  a  representation  of 
a  furnace  of  this  descrijition  showing  a 
couple  of  men  working  goatskin  bellows  with 
a  fire  in  between.     When  Captain  Speke  was 
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exploring  in  Africa  in  the  middle  of  the  last 
century    he   came    across    black    men   making 
iron,  and  Colonel  Grant,  who  was  with  him. 
made  a  sketch  of  the  furnace,  which  is  prac- 
tically identical   with   that    described   on   the 
old  Eg\-ptian  tomb.      He  gave  this  sketch  to 
the   late   Sir   Lcthian    Bell:    I   have   seen   it 
and   the   onlv   difference   between   the  two   is 
that   in   the   Egvptian  drawing  the   men   are 
working   the   bellows   with   their  feet    and   in 
the  other  sketch  the  bellows  are  worked   bv 
hand.       These    two    men     would     practically 
make   about    12   lbs.   of   wrought     iron     in     a 
day.      It     is     rather     interesting     to     relate 
that    these    explorers   presented    the    natives 
with  some  British  wrought  iron  which  thev 
had  with  them,  but  the  natives  claimed  that 
their  iron  was  superior  to  that   ci'  the  white 
roan.     This  might  easilv  be  the  case  becaiL^e 
in  the  method  adopted  bv  the  natives,  and 
in  these  very  old  furnaces,  the  heat  was  not 
sufficient   to  reduce  the  impurities  contained 
in  the  ore,  such  as  phosphorus,  and  as  they 
used  nothing  but  charcoal  as  a  fuel  they  were 
not    botliered   with   sulphur.      The   iron   they 
made    was    therefore    probablv    softer,    more 
malleable  and  more  weldable  than  that  which 
the   British   gave  them,   wh'ch   was   n<ade   by 
the  ordinary  puddling  process  from  cast  iron. 
A  ' -ation    of    tliis   crude    furnace    is 

illufci  in    the   Catalan    furnace,    a    type 

which  was  u?ed  for  centuries,  in  fact  right 
down  to  modern  times,  at  anv  rate  until  the 
la«t  centurv.  It  had  a  small  hearth,  about 
2ft.  wide,  3ft.  long,  and  18in.  to  2ft.  deep, 
and  a  bla.<4t  of  air  wa.<<  produced  bv  water 
fallin--  '  •■  n  a  pipe,  mo  that  air  was  drawn 
in.     '  il  wa-  u-*'d  as  a  fuel.     A  mixture 

cf  charcoai  and  ore  wa.«i  put  in  at  il>e  top. 
ai   '    ■'  ■''■'■    until    thev   got 

■  _  ;ron.  which  was 

picked  out  and  rained  to  welding  heat  on 
other  firen  and  tli#'n  hammered  into  a 
rough  bloom-  That  type  of  furnace  was 
ured.  as  I  have  »aid,  until  romp'iratively 
r»>rrn»  (im*«<  b^itli  in  America  and  in  Kuro|>e. 
T}..<  ■■  r.|||(Kj  of  extracting  iron,  however. 
oi  «^   out    alniut    half    the    iron    in    the 

or^,  and  the  other  half  prarlically  formn  the 
''         '         '     h  lh»-  rrii'd  off 

T'  ar#-    V.  Hiiri      I 

might  mention  that  rinder'  from  old  Roman 
fti  were    u-ftl    in    lh^    Foreitl    i,f    I  )!•«?» 

*     .       ..'le  of  iron  for  manv  y  *r»',  nnri  »uu-e 
I    have   rom«   to   thin   country    I     have     had 
rrplea  of  rindem  from  old  native  workingN 
!!«nt    lo    m^   for  a»    "  ii 

-^"''    '•''       of   iroii    ^.  nil    .lif.iii 


^' •   1(1   i.i 


of  silicious  matter,  and  some  dav  we  mav 
possibly  use  this  stuff  as  a  source  of  iron  in 
this  couutrv,  if  there  is  a  sufficient  quantitv 
of  it. 

While  the  Catalan  furnace  was  still  being 
laxgely  used  on  the  Continent  of  Europe, 
another  one,  called  the  Stukofen,  was  used 
in  Germany,  and  may  be  considered  as  the 
forerunner  of  the  blast  furnace  proper.  The 
method  of  working  this  furnace  was  to  fill 
it  with  charcoal  and  blow  until  a  good  heat 
was  obtained,  then  putting  in  a  mixture  of 
charcoal  and  iron  ore.  continuing  to  blow 
until  there  was  a  sufficient  bloom  of  iron  in 
the  bottom  of  the  furnace,  when  the  breast 
of  the  furnace  was  taken  down  and  the 
blooni  was  drawn  out.  There  is  something 
humorous  to  our  minds  in  tlie  idea  of  taking 
out  the  front  of  the  furnace  in  order  to 
remove  the  charge.  Thai  is  the  last  thing 
you  want  to  do.  In  a  furnace  of  tlial  de- 
scription it  is  quite  likely  that  by  an  acci- 
dental overcharge  of  charcoal,  or  with  very 
easilv  reducible  ore.  or  tli rough  leaving  the 
charge  too  long  in  the  furnace,  it  would 
absorb  a  certain  amount  of  carbon,  and  the 
charge  would  then  melt  and  cast  iron  would 
be  discovered.  At  any  rate  there  is  no  direct 
evidence  as  to  how  cast  iron  was  di.'^covered. 
but  it  came  into  use  in  England  about  the 
middle  of   the    ]6t]i   centurv. 

Tlie  iron  trade  in  England  increased  to 
such  an  extent  that  the  demand  on  the 
forc^-ts  for  charcoal  became  excessive,  and 
the  people  were  becoming  alarmed  about  the 
supply  for  firewood  and  for  sliipbiiihiing. 
Acts  were  passed  in  Parliament  restricting 
the  use  of  charcoal  for  smelting  purposes 
parti<MilarIy  within  IT.  niiles  from  London. 
because  it  was  feared  (here  would  soon  ])o 
none  for  domc-l  ic  jnirpo'-es  This  rr-t  lict  ion 
cau.-od  I  lie  iron  tratlc  to  decline  until  ih'- 
fifHt  epoih-inaking  event  occurred  in  llic 
reign  of  James  I.  r>udlev  started  i«x])ori- 
menting  with  the  ure  of  mineral  fuel,  that 
in,  of  coal  in  piefrrencp  to  cluirco^l,  and 
like  nil  pioneer^  in  the  iron  trade  he  had  a 
roni'li  lime  The  iron  trade  in  Enj^dand  at 
lii.il  lime  WHH  loenled  in  the  South  of  Kng 
land,  in  Huffolk  and  neigliixMiring  counties, 
and  if  the  iriea  «)f  iiHing  pit  coal  was  a  snc- 
ccn^  it  ptnclically  u'canl  that  the  iron 
indnt'try  would  be  taken  away  from  there 
and  cnriied  to  where  the  coal  wan  nvnihible 
Therefore  the  charcoal  iion  master"  fought 
to  get  |)udley'N  licence  cancelled.  lie 
finally  Minrled  again  in  aimlher  |iMrl  of  the 
country  and  produced  a^^  nnn-h  aH  neven  tonx 
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in  one  week,  which  I  think  was  greater  than 
had  been  produced  in  any  charcoal  furnace. 
At  the  commencement  of  the  18th  Century 
another  man  came  into  the  field  in  the 
person  of  Abraham  Darby.  He  worked  on 
Dudley's  experiments  and  charged  his  coal  in 
pretty'  nuicli  the  same  way  as  the  charcoal 
burner  charged  his  pile  of  charcoal.  He  was 
successful,  and  erected  furnaces  at  Coalbrook 
Dale  in  Shropshire-  That  was  the  death- 
knell  of  charcoal  as  a  fuel  for  blast  furnace 
work . 

Developments  took  place  during  that  cen- 
(urv  in  everv  department  of  metallurgy,  and 
by\he  beginning  of  the  19th  century  blast 
furnaces  were  about  20ft.  high  and  produced 
about    20  tons   a  week.      There  was   no  very 
great    development   until   about    1828,    when 
a  very  important  discovery  was  made.     This 
was  the  di.-,covery  of  the  hot  blast.   Previous 
to   that    time    it    had    been    noted    that    blast 
furnaces     worked     better     in     winter     than 
summer,    and    it    was     concluded     that     the 
colder  the  air  the  better,  and  attempts  were 
made,    I  believe,    to   make   the   air  colder   in 
summer.      This   is    an    instance   of   where   an 
outsider    had    probably    a    better    chance    of 
bringing  forward  an  entirely   new  idea  than 
one  who  had  been  brought   up  in  (he  trade. 
Because   it    had   been   drilled   into   the   minds 
of    those    who    were    brought    up     in     the 
tradp   that    cold    air   was   the   best   thing   for 
the   furnaces,   when   a   man   proposed   to   jnit 
in  hot    air  lie  was  looked   upon   as  a   lunatic. 
When,    however,    the    idea   was    tried    in    the 
furnaces   on    the   Clyde    the    result    was   very 
surprising.      After  a   few  experiments  it  was 
found    that   by    burning    half    a    ton    of   coal 
outside  the  furnace  and  by  the  heat  produced 
by  that  half   ton   a  saving  of   three   tons   of 
coal    inside    the    furnace    was  effected.      The 
benefits  of  the  hot   blast   were  so  undoubted 
thai   the  system  was  ra])idly  adopted  in  iron 
works  all  over  the  country.   Strange  to  say, 
however,   the  iron-masters  were  not  inclined 
to   ])av    tlip    inventor,    Neilson,    anything    for 
his    ])a(pii1.       He     wenl     (o     law,     and     they 
fought  him    (lirowgh   the   Courts,    one   of   tn« 
arguments    used    by    them     being     (hat     one 
cannot    i)ateiit    an    idea.      He   had    not    taken 
out    a   patent    for   an   a])))liance,    but    for   the 
idea  of  the  hot   blast.      However,  the  Courts 
u])held     liini         The    furnaces    gradually    in- 
creased   in  size    until    about    1845    they    were 
using  a  hot   blast   of  about  650  degrees  tern 
perature,  and  producing  120  tons  of  pig  iron 
per  week,   and    by   1855.   when    the  tempera- 
ture increased  to  about  800.  tliey  iiad  reached 


220  tons  a  week,  while  as  the  temperature 
went  up  the  consumption  of  fuel  went  down 
very  considerably.  For  instance  with  the 
cold  blast  they  were  using  about  120  cwt. 
of  coal  for  every  ton  of  pig  iron  produced. 
That  was  coal,  but  of  course  it  was  turned 
into  coke-  With  the  temperature  at  about 
600  they  were  using  something  like  85  cwt., 
and  when  the  temperature  was  raised  to  bO\. 
it  dropped  to  about  60  cwt. 

Just  about  this  time  a  type  of  fuinace  was 
used  in  Staffordshire  with  an  open  top,  and 
it   was  charged  witli  what   we  call  coco  pans. 
The  Black  Country  was  therefore  rather  an 
awe-inspiring     sight     at     night     time     with 
flames  arising  from  the  furnace  tops.        The 
amount  of  heat  going  to  waste  from  the  tops 
of    the   furnaces  was   such    as   to   soon   claim 
attention,    and    a   Frenchman   by   the   name, 
1   think,   of  Dufr'e,    proposed  the  utilisation 
of  the  waste  gases  from  the  tops  of  the  fur- 
naces for  the  purpose  of  fuel.     It  was  a  man 
named  Perry,   of  Ebbw  Vale,   South  Wales, 
however,  who  put  the  idea  to  practical  appli- 
cation.     Perry   invented   the  closed   type  of 
furnace,   which  practicallv  is  the  one  in  use 
at   the  present   time.      His  device  was  a  cup 
and  cone,  or  bell  and  hopper,   arrangement. 
The  cup  is  buiU  into  the  to])  of  (he  furnace, 
and     (he    bell    is    up    against     the    side    so 
that     it     closes    the    top    and     the    charges 
are    dropped    into    the    space    between    the 
bell    and    hopper,     and     when    the    charges 
are     dropped     all     round     they     release     an 
a])paratus    that    controls    a    lever,    and    the 
bell    drops   into   the   furnace   about    two   feet 
and   the   charge    slips   off    the    bell    and    falls 
into   the    furnace.      The    whole   apparatus    is 
quite   simple    and    very     effective.         A     few 
modification^  have  been  introduced,  but  even 
in   some  of  the  biggest    furnaces  in   England 
and  America  at  the  present  time  that  simple 
arrangement  of  Perrv's  is  still  in  existence. 

This  saving  of  waste  gases  was  im]K)rtant, 
because    there    is    about    25%  by  volume  of 
combustible  matter  in   the  waste  gases  from 
blast    furnaces,  and  these  gases  were  used  for 
heating   hot    blast    stove^-.   which   immediately 
saved   a   lot    of  coal.      After   the  stoves  are 
satisfied    there   is   still    a  sur])lus   sufficient   to 
su]>])lv   the   boilers,   so   that    in    tlie  case   of  a 
plant    consisting     of,     say,     three     furnaces, 
where  all    the    gas    goes     into     one     common 
main,  there  is  sufficient   waste  gas  to  su])plv 
all  the  requirements  of  the  furnace — that  is 
to  say,  the  only  fuel  used  is  that  which  goes 
into    (he    furnace    itself.      Sir   Lothian    Bell, 
abou(     1880,     made     an     e^(imate     that     U 
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million  tons  of  coal  a  vear  were  saved  by 
the  utilisation  of  the  waste  gases  of  blast 
furnaces,  and  since  then  of  course  the  saving 
has    become   verv    much    greater. 


The  next  thing  of  importance  was  the 
invention  of  the  firebrick  hot  blast  stove. 
Up  to  this  time  the  hot  blast  stoves  in  use 
had  been  made  cf  cast  iion  pipes — the  type 
that  was  mostlv  in  vogue  about  1850.  Several 
pipes  were  placed  in  rows  in  an  oven  which 
was  fired  by  waste  gases,  or  which  could  be 
fired  by  coal,  and  the  blast  went  up  and 
down  the  inside  of  the  pipe  while  the  flame 
played  on  the  outside,  and  a  very  regular 
temperature  was  raised  in  this  way,  800  to 
900,  and  sometimes  1.000  degrees,  being  o'*- 
tained.  As  the  benefits  resulting  from  high 
temperature  blasts  were  noted  it  was  con- 
cluded that  bv  getting  higher  temperature^ 
still  more  fuel  would  be  saved,  but  beyond 
1,000  degrees  the  wear  and  tear  on  the  pipes 
was  found  to  be  verv  exce.«sive,  demanding 
extensive  renewals  and  repaiis  to  the  stoves 
This  induced  Cowper  and  Whitwell  at  the 
•;ame  lime  to  invent  tlie  firebrick  stove, 
although  previous  to  that  time  Sir  \Vm. 
Siemens  had  invented  the  regenerating 
Rvstem. 

A  fiiebrick  stove  i.s  formed  of  a  shell  of  steel 
plates  made  ga."  tight,  and  lined  inside  with 
about  18  inches  of  firebrick.  The  diameter 
ifl  about  22ft..  and  the  height  70  to  100ft. 
Tl  ■  '  '  ber  is  niarle  f)n  one 
•"i'l-  .  stove  is  fille<l  up  with 
■\  chequer  work  of  bricks.  The  method 
of  workinc;  theite  Mcves  is  as  follows:  — 
A  gas  valve  on  one  side  is  connected 
with  the  gas  main  from  the  furnace, 
and  the  ga.H  ih  pa.<wed  in  from  the 
bcttom  '  '*  '^■-  -'"ve  where  it  meets  with 
air  for  <  Tlu-  flame  produced 
then  travel*  up  the  (lianit>er  and  in  turned 
over  *  ■'  dome  and  branrhe-  out  llirough 
the  •  r»,  pajx-ing  oul  through  I  he 
▼alve  into  the  chimney.  When  the  stove  i 
fi*^  •  inlet  i"  turned  off,  tin- 
rli  ;iut,  and  the  cold  air  from 
the  ncparate  blowing  engine  ii«  turned  in  from 
ih#!  end  of  the  rtove,  and  traveU  up  in  a 
1^,,  r  ..  J,,,.,  t  ,,,  Iff  lliMt  which  (he  gH«  had 
]>i  I ;  it  pa*««>«i  up  through  lli^ 
chcr|iieni  and  down  through  (he  ronibuntion 
rhamljcr,  and  tV'  "'  '  ''■  hor  blaif 
valve,  and  in  ii  '  .  '  >'i'ure  i^ 
raif4Kj  to  anvlhing  up  (o  I.600  degree* 
F I 

not  iinrommon  (hing  in  blant  fiirnareii  at  (li<> 


present  dav  to  see  a  cast  iron  pipe  red  not 
with  the  heat  of  the  air  that  is  coming  in. 
These  high  temperatures,  as  1  have  ex- 
plained, decrease  the  fuel  consumption,  and 
indeed  it  would  be  almost  impossible  at  the 
present  day  to  work  high  capacity  blast  fur- 
naces without  these  fiiebrick  stoves.  I  should 
also  mention  that  there  should  be  at  least 
three  stoves  to  each  furnace  because  the 
work  is  intermittent,  that  is  to  sav,  while 
one  stove  is  blasting  the  other  two  are  being 
heated   up. 

About  the  year  1850  the  Middlesboro'  di.s- 
trict  in  England  was  being  opened  up  bv 
this  indiistry,  and  furnaces  at  that  time 
were  approximately  50ft.  high,  and  pro- 
duced somewhere  in  the  neighbourhood  ot 
220  tons  a  week.  In  1860 '^  the  Brothers 
Whitwell  erected  a  furnace  at  Thornabv-on- 
Tees.  60ft.  high  and  of  twice  the  dimensions 
inside  of  tho.'-e  then  in  use.  Thev  were  so 
o-uccessful  that  John  Dunn  built  one  71ft. 
high,  and  the  economy  in  fuel  consumption 
was  so  wonderful  that  by  1870  all  the  little 
furnaces  were  pulled  down  and  big  ones 
erected,  and  furnaces  even  103f(.  high  were 
built  at  Ferryhill,  near  Durham,  but  those 
were  not  a  success.  Further  it  should  be 
remarked  that  the  blast  furnace  was  made 
a  lighter  construction  by  using  steel  ]>lates 
resting  on  ca.st  iron  columns  instead  of  being 
a  solid  structure  of  masonrv-  This  make  of 
furnace  ran  up  to  as  much  as  560  to  600 
tons  a  week,  and  this  district  was  ahead  of 
any  other  in  the  world  as  far  as  blast  fur 
naces  were  c(mcerned. 

Then  about  1880  the  Ainciicans  staitcil 
The  iron  trade  in  America  had  leached  a 
fairly  large  .••tage  by  that  time,  and  was  in- 
creasing lupidly  owing  to  the  tremendous 
demand  for  steel,  and  they  thereupon  drovo 
their  furnaces  haider.  In  1890  they  showed 
furnacev  which  were  making  over  .'<2()  Ions  ;i 
day  with  a  roii\  crjusumpl  ion  wliicli  cduiparcil 

•«'||  with  that  of  a  slow-driven  funuicc  Oiir 
iron  ina-ler.s  then  saw  that  if  lliev  w;iM(e<I 
to  <lrivc  the  fuiiwices  harder  they  niiisl 
increHHe  (lie  hjzp  of  the  hearth-  that  is  where 
the  blast  enters  and  where  the  coke  is  burned 
A  ceiluin  nized  hearth  will  (iiily  coiivume  n 
certain  amouiil  of  com!  per  minute,  and  to 
drive   (he   fiirnnre   harder   it    i^   necefsary   to 

■I-     line    more    fuel        So    they    increa-ed    the 

>(   the  hearth,    and    left    the   body   of   I  he 

(iirnnce   very    much   (he  same   ns   whm   in    use 

in     .M    '  "     'loro'    at     the    time,    and    by    thi\ 

Mieni  lied   their  increu)<ed   outputs 

Hy    IIK»0    Ainerira    had    no   develope<i    fwr 
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iiaces  that  they  had   turned   out    as  much  as     } 
750  tons  in  one  day  of  24  hours  with  a  single 
furnace.         This       lemarkable      result       was 
obtained    at    the    Diiquesne    works    of    the 
Carnegie  Steel  Co. 

They  had  discovered  before  that  hand- 
charging  was  not  capable  of  keeping  up  with 
such  a  rapid  rate  of  output,  and  therefore 
they  had  to  devise  some  mechanical  means 
of  charging  the  furnaces.  The  first  thing 
they  did  was  to  run  the  charge  up  in  sKipa 
and  dump  it  into  the  lop  of  I  lie  furnace,  but 
they  found  that  the  furnace  burnt  out  at  thf» 
side  opjwsitc  the  skij),  the  reairon  being  that 
the  lumps  of  ore  all  dropped  to  one  side  of 
the  furnace  and  blocked  the  channel;  thus 
it  drove  more  easily  on  one  side  than  the 
other,  and  soon  resulted  in  that  part  of  tlit 
furnace  burning  out  to  the  2^1ates.  They 
therefore  looked  round  for  a  mechanical 
ciiariring  device.  It  must  be  here  noted  that 
there  is  a  great  deal  in  tlie  way  a  furnace 
is  charged.  In  the  hand-charging  methoi 
the  barrows  are  taken  round  the  toj)  of  the 
furnace  and  the  furnace  is  charged  in  a 
regular  and  even  manner.  One  of  the  first 
mechanical  devices  adopted  was  that  in- 
vented by  Brown,  an  American.  At  the 
top  of  the  furnace  lie  erected  a  funnel-shaped 
ciuite,  and  when  the  skip  was  hauled  i\\)  the 
incline  it  was  automatically  tipped  into  a 
chute,  from  which  it  fell  into  the  space 
round  tiie  bell.  The  doors  as  a  rule  stood 
open  while  the  furnace  was  being  charged, 
and  when  the  charge  was  lowered  into  the 
furnace  a  mechanical  arrangement  jirevented 
the  gases  from  escaping.  When  the  skip 
went  back  down  the  incline  it  brought 
into  i)lay  a  rotating  arrangement  which  re- 
volved \r,ir{  of  the  toj)  about  87  degrees,  so 
that  when  the  charge  came  up  the  next  one 
would  be  tipped  at  right  angles.  In  other 
words,  if  the  first  was  tii)ped  east  the  next 
would  be  north,  the  next  west,  and  the  next 
south.  That  meant  that  in  the  course  of  24 
hours  every  ])art  of  tlie  top  was  readied  by 
the  charges,  and  tiiis  type  of  mechanical 
charger  was  reniaikablv  successful,  the  only 
objection  being  that  it  was  very  heavy.  There 
was  a  large  amount  of  heavy  gear  on  the 
lop  and  otlier  devices  liave  since  Ijet-n 
adopted  which  while  more  or  less  reducing 
this  drawback  are  o])erated  on  the  same 
])rincip]e.  Tlie  result  is  that  thiee  men  can 
practicallv  keep  a  furnace  going  that  is  mak- 
ing from  500  to  600  tons  of  iron  a  day.  It 
will  be  seen  therefore  that  the  development 
of  the  blast  furnace  during  the  last  50  years 


has  been  eiionnous,  and  a  tremendous 
amount  of  engineering  ingenuity  has  been 
brought   to  bear  on  the  subject. 

Many  minor  developments  have  taken 
place  with  regard  to  blast  furnaces  which 
have  assisted  in  making  these  extraordinary 
outputs  possible,  but  1  do  not  think  1  need 
introduce  them  here.  But  let  me  say  a 
word  about  the  consumption  of  iron.  In 
the  U.S.A.  alone,  in  1920,  36,000,000  tons 
of  pig  iron  weie  consumed,  which  meant 
70,000,0t)0  tons  of  iron  ore  were  consumed 
by  American  furnaces  alone.  Their 
resources  must  l)e  feeling  the  strain  of  such 
an  annual  consumption  as  tiiat.  Now  our 
resources  in  South  Africa  are  jjraclically 
intact,  and  we  have  large  reserves.  We  have 
coal  which  makes  excellent  coke,  and  there 
is  no  reason  that  I  can  see  why  this  country 
should  not  be  able  to  make  its  own  iron, 
not  only  for  its  own  domestic  requirements 
but  also  for  export.  The  demand  for  iron 
will  increase,  and  there  is  no  reason  why 
South  Africa  should  not  help  to  supjily  it. 
I  need  only  quote  the  instance  of  Australia. 
Australia  in  1907  s^tarted  with  ])racticallv 
the  same  size  of  furnace  that  is  being  put 
down  at  Newcastle,  Natal,  at  present — that 
is  to  make  1,000  tons  a  week.  That 
remained  the  only  one  in  Australia  that  was 
working  for  some  time,  but  in  1913  the 
same  firm  ])ut  down  another  blast  furnace 
of  about  twice  the  ca])acity.  Then  tlie 
Broken  Hill  Pro])rietary  Co.,  who  hau  a 
very  fine  deposit  of  iron  oie  in  South  Aus- 
tralia, decided  to  enter  the  iron  business  on 
a  big  scale,  ])uttiii<i;  down  works  at  New- 
castle, New  South  Wales.  They  started  in 
1914,  and  have  now  thiee  big  furnaces,  and 
the  latest  report  in  regaid  to  the  last  one 
that  was  blown  in  is  that  it  is  jiroducing 
legularly  500  to  600  tons  of  ))ig  iron  per 
day,  and  by  the  re))ort  for  1921  the  Broken 
Hill  I*roprietary  Woiks  at  Newcastle  were 
])roducing  1,000  tons  of  steel  ingots  per  day. 
The  works  at  Lilhgow.  N.S.W.,  have  for 
.-everal  years  manufactured  rails  and  sections 
to  highest    tests  and  chemical  specifications. 

The  Australian  Federal  Government  set 
aside  the  sum  of  .4*150,000  for  the  encourage- 
ment of  the  iron  indusliv,  to  be  given  at 
the  rate  of  12s.  per  ton  of  pig  iron  manu- 
factured eiilirelv  fiom  Australian  materials, 
and  also  12s.  ])er  ton  of  steel  manufactured 
from  Australian  mateiials.  This  sum  was 
earned  by  the  iron  industry  of  New  South 
Wales  and  assisted  in  establishing'  if  on  a 
firm  footing. 
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Australia  therefore  has  practically  made 
itself  indepeudeiit  oi  outside  resources  in 
regard  to  structural  steel,  and  evervtliin? 
else  except  the  fine  steel  which  Sheffield  pro- 
duces. With  regard  to  steel  rails,  bridge 
material,  and  plates,  Australia  is  now  prac- 
tically independent  of  outside  resources.  In 
addition  to  the  benefits  that  ensue  directly 
from  the  starting  of  iron  works  there  are  the 
subsidiatA'  industries  which  they  draw  around 
them.  For  instance,  at  Newcastle,  Australia, 
there  is  a  wire  works  for  the  drawing  of 
fencing  wire,  a  galyanising:  works  to  make 
corrugated  sheets  which  are  rolled  from  steel 
supplied  by  the  Newcastle  Steel  Works,  a 
nail  works  has  been  put  down  also,  and 
several  subsidiary  industries  have  been 
started  which  are  getting  their  supplies  from 
the  Newcastle  Steel  Works.  So  far  as  I  can 
«ee.  South  Africa  ougiit  to  establish  an  iron 
industry-  more  easily  than  Australia.  I  was 
in  the  pioneering  of  the  iron  industry  in 
Australia  for  about  12  years,  and  know  what 
the  condition.s  are.  At  tlie  Newcastle  works. 
for  instance,  their  iron  ore  is  brought  from 
South  Australia,  1,.500  miles  by  sea.  Their 
limestone  comes  from  Tasmania,  also  a  long 
di.'^taiire  by  wa'er.  The  rea.^on  why  they 
went  to  Newcastle  was  because  tiie  coal  was 
there,  and  it  is  alway--  adyisable,  as  far  as 
an  iron  and  steel  works  is  concerned,  if  pos- 
sible, to  have  it  situated  near  the  coal  min^.-^. 
beraiise  in  the  prfKluction  of  a  ton  of  finished 
steel,  coal  is  by  far  the  largest  item  cf  raw 
material  which  i.<«  used.  The  works  of 
T).  and  C.  Hoskino.  Ltd.,  at  the  Bl<:e  Moun- 
tain" liavp  to  !*rine  fully  half  of  their  coke 
from  N'-w  .'^',iiili  Wale**,  I'lO  mile^  distant. 
and  with  a  climb  of  4.f)00  feet.  They  also 
hrin'i  »lii»ir  iron  ».re  from  New  South  vVales. 
over  K>'»  milen  distant,  so  they  have  hkc- 
rceded  in  fl)>tabli>>liine  an  iron  and  rteel 
indu'trv  under  rondifiou'*  whirli  are  cer- 
^.aintv  not  more  favourable  than  our  own, 
if  inde^l  ihev  are  as  favourable  as  in  Natal 
and  the  Tran*vaal  If  Australia  can  do  ft 
I    ■  -      ■'      *  "'       I    ran,    and    I    ftp 

nr  not    get    to   wt,rk 

onr«  and   make  this  induriry  a  romplele 

%U'  '  ■ 

Prof.  G.  H,  Stanley    t  '  «  vote  of 

ihank'   tn  iIm    '<       ■'<(.  atm     —   nf  frit   «ur* 
the  meeting  <'iied  In  the  Btliln'*n  with 

the   yr^u'ff    ihuk'I    and    willi    ron^iderabl" 
prof.i,  nil  i     ■  lure  only  btoiiglil  nlioiir 

•'ini"    Tf  ■■■  of    interr-«l     in    the     ilr 

velofimenl    «.l    our    iron    re««iirre<i    it     would 
have  ferve«l  •  yrry  u«eful  piirp^*^         What 


was   said   and    done    at   these    meetings    was 
published  outside    and  he  hoped  the  public 
would    take    Jiotice.         Everything    else    was 
based  on  the  iron  iiulustry,   and  one  of   the 
first  and   most   important   things   was   for    a 
country  to  estabh'sh  its  own.      A  very  little 
reflection  would   show   that   the  essentials  of 
modern  civilisation — -food,  clothing,  housing, 
and    so    on    all  depended    on    iron.      To-day, 
the  oldc."  civilised  countries  were  using  iron 
at  such  a  rate  that  their  sources  were  within 
a    measurable   distance  of   exhaustion.         As 
Mr.    Henderson   had    pointed   out,    Australia 
was  an   example  of  what    a   Colony   had   ac- 
complislied   m   tliis  direction.        Canada  also 
had  her  own  iron  industry,  and  likewise  such 
coui;tries  as  China   and  Japan.      Bui    South 
Africa  as  yet  had  not  got  such  an  industry, 
although  as  they  had  heard  to-night  a  start 
had    beer,    made    at    Newcastle,    and    he    was 
sure   they   would   all    wish    it    success.         Of 
course   the   consumption    of    iron     in     South 
Africa  was  small   as  compared  with   that   of 
other    j)arts    of  the     world,     particularly     in 
comparison     witli     the     enormous     quantities 
produced  in  the  United  States.     Yet  in  1913 
there    were    im])orled    into    the    Union     over 
£.5,000,000    wf)rtli   of    iron    and    steel    manu- 
factures of  a  kind,  which  could  be  jiartly  at 
least    made   in   this  country   by    a    compara 
tively    small     iron     industry.       Importation 
had   grown   rapidly  since   the  waj".      Taking 
1921,      in      tlie      first     six      months      nearly 
£7,000,000       worth      of       iron       and       steel 
t'oods    were    ini|)orted.      That     ivcant     ahou' 
£14,000,000   worth    per   annum,    a   consider 
able  part   «)f  whirh  was  capable  of  being  pro- 
dxuoi]    in    Soulli    Africa        Tlial    ouglit    to    bf^ 
suflTicient    inducement    !(•    make    us    look   into 
this  mat  ter  closely.  p>-))pciallv  wlu-n  wc  found 
all  the  natural  conditions  favoural)lc.     Tlicro 
was   plenty   of   iron  ore   in    the  count  rv    and 
pood  iron  ore-      Dr.    Wagner  has  staled  thai 
South  Africa  \y  secfuid  only  to  Hrazil  in  tho 
extent    of   its   iron    resources.      We  also   had 
plenty    of   coal,    and    coal    that    would    make 
cf)kp ;    and   our   liinesloiio   rc^nurccs    were   ap- 
parent |v   illimitable         In    the   {'a|io   Colonv, 
for    instance,    there    are     whole     mount ains 
of   lime'^tMiic   "uilalih'    for   the   piirtto'c       W'c 
also  liati   ruffii-iciit    lai)our.   and   although   our 
rate*  of  pay  f«»r  white  labour  were  v«uiiewhat 
hlKh.   that    fart    was  roiintcrbalanced   to  ^(Uiie 
eyieni    bv   the   lower   rntos    paid    to   cf)|oure<l 
labour,    so   that    our   labour   co'ls    allni/dhor 
should  not    be  more  than  ehewhere       Thrri* 
fore,  takini;  eveivthing  into  cfuiridcrat ion   it 
oiikIiI   (o  he  pofsiblo  for  this  country  to  pro 
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duce  pig  iron  as  cheaply  as  any  country  in 
the  world,  not  even  excepting  India,  which 
was  probably  the  cheapest  iron-producing 
country  in  the  world  to-day.  Of  course  we 
should  require  some  assistance  from  the 
Government.  That  was  always  a  vexed 
que-tion,  but  Australia  could  not  have  done 
without  such  a.-sistance,  and  we  ought  lo 
expect  the  same  help  from  our  own  Govern- 
ment. He  had  taken  out  figures  regarding' 
the  iron  consum])tion  per  head  in  some  of 
the  other  countries  of  the  world.  In  the 
four  chief  iron-producing  countries  the  con- 
sumption v.'uied  from  -21  to  33  tons  per  head 
])er  annum.  Taking  our  white  population 
as  H  millions,  and  assuming  a  consumption 
])er  head  of  one-third  of  a  ton,  which  was 
the  fisrure  in  the  United  States  of  America, 
our  consum])tion  would  be  about  half  a 
million  tons,  and  this  was  likelv  to  be  ex- 
ceeded in  view  of  the  industrial  activity  to 
which  this  country  was  looking  forward. 

The  President  said  that  they  had  that 
everiins:  a  demonst  ration  of  the  extended 
interests  of  the  Society,  and  he  was  pleased 
they  could  show  an  interest  in  an  industry 
which  he  trusted  would  be  far  more  im- 
l)ortant  in  this  country  in  another  ten 
vears'  time.  The  Societv  welcomed  to-night 
one  of  the  pioneers  in  that  industry,  and 
(hev  were  all  obliged  to  that  gentleman  for 
having  eiven  a  verv  interesting  resume  of 
the  history  of  the  iron  industry  and  of  its 
possibilities  in  South  Africa.  Tie  trusted 
that  in  a  few  years'  time  the  Society  migli! 
be  engaged  in  discussing  details  and  improve 
ments  in  iron  metallurgv  as  a|)])lied  to  local 
ores,  just  as  they  had  done  in  the  past  in 
connection   with   the  metallurg)'   of  gold. 

EXHIBIT    OF    MICKOPHOTOGRAPHS    OF    VISIBLE 
COI.I)     IN     HANKET    ORE. 

The  President  ^taled  that  he  had  an 
exhibit  here  to-night  consisting  of  several 
microphotographs  of  banket  ore,  or  rather 
of  the  occurrence  of  free  gold  in  banket  ore. 
])articularlv  in  connection  with  its  relation 
with  carbon.  The  Societ)'  was  indebted  for 
these  interesting  jjliotographs  to  Dr.  W.  A 
C'aldecott,  who  had  kindlv  loaned  (hem  for 
examination.  The  photographs  in  question 
had  been  taken  bv  Mr.  Philliji  Argall,  the 
well-known  metallurgist,  who  was  making  -^ 
f-pecial  study  of  the  occurrence  of  free  gold 
in  various  gold   ores.* 

*    News     liji.s     since      been      received      of      Mr. 
Argall's    sudden    dentil      iit      Denver.    C'oloradn 
His    valunhle    contrihtitions    t(i    the    science    of 
Metalhirpy   will    remain    as  a    monument   to   his 
memory. — (fJditor's   note.) 


THE    ENDLESS    ROPE     HAULAGE   AT 
MODDER    EAST. 


By  J.  Chilton. 


Underground  haulage  has  received  verv 
little  consideration  from  this  Society,  and 
for  this  reason  the  writer  thinks  some  good 
purpose  might  be  achieved  by  directing  the 
attention  of  members  to  this  imjwrtant 
branch  of  mining  activitv.  In  making  this 
communication  it  is  not  inferred  that  there 
is  anvthing  strikinglv  novel  or  extraordinary 
in  the  system  described,  but  it  is  believed 
that  it  has  merits  that  are  not  generally 
recognised  in  South  Africa,  and  with  the 
hope  of  arousing  interest  in  haulage  question~ 
this    description    is    put    forward. 

The  endless  rope  haulage  about  to  be 
described  is  in  operation  at  the  Cloverfield 
Shaft  at  Modder  East,  and  is  about  2.500 
feet  in  length.  Before  the  installation  of  th'^ 
svstem  the  ore  from  the  slopes  and  develop- 
ment drives  was  dealt  with  by  air  and  electric 
winches,  but  ir  was  found  that  this  method 
was  too  slow  and  costly  for  a  permanent  plant 
and  other  methods  of  dealing  with  the  ore 
had  to  be  considered.  The  problem  to  be 
solved  was  to  find  the  best  method  of  raising 
1,000  tons  of  rock  per  shift  from  the  sto])es 
and  drives  on  the  dip  side  of  the  main  shaft, 
the  upper  landing  being  470  feet  vertically 
above  the  lower  one.  The  average  dip  of  the 
incline  is  about  13°,  but  near  the  bank  head 
this   becomes  steeper,    rising   to    17°. 

After  much  consideration  it  was  decided 
that  an  endless  rope  haulage  would  be  the 
best  means  of  dealing  with  (he  requirements 
of  (his  section  of  (he  mine,  and  the  ques(ioii 
then  arose  which  was  (he  bes(  method  of 
attaching   th.»   cars   to   the    rope. 

On  the  mines  of  the  Witwatersrand,  and 
particuUrlv  in  (he  East  Rand  section,  tlierf^ 
are  nuireroiis  types  of  rope  clips  in  general 
use,  and  many  of  them  have  distinct  merits, 
whiivj  none  are  absolutely  safe.  With  the 
ordinary  clij)  of  the  lever  or  .screw  prin- 
ciple, when  ascending  a  slope,  there  is 
always  the  danger  (hat  the  full  trucks  will 
occasionally  break  away  and  slip  down  (he 
rope  when  Hearing  (he  to])  of  a  steej)  incline. 
Thi.-  is  (Iw  lo  (he  fact  tlia(  (lie  full  ro])e 
near  the  bank  head  is  of  sliglitly  less 
diameter  than  ll  e  same  rope  at  (he  bollori 
of  tlie  slope,  consequently  most  rope  clips 
have  to  be  tightened  up  when  under  this 
heavy  strain  This  (iitails  extra  ex])ens'' 
in  labour,  and  often  damages  the  rope.  To 
avoid    these    dangers    and    disadvantages    at 
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ihe  Modder  East  it  was  decided  to  put  iu 
the  chain  grip  attachment.  This  method 
of  fastening  is  probably  the  simplest  that 
could  be  employed,  and  where  there  is  a 
steady  and  even  pull  against  the  load,  it 
cannot    be   surpassed. 

Subsequent  events  have  shown  the  wisdom 
of  this  choice,  for  neither  with  the  full  nor 
the  emptv  car  has  trouble  been  experienced 
due  to  slipping.  The  chains  are  attached 
to  the  front  of  the  full  car,  and  to  the  back 
of  the  empty.  Th.ey  are  about  ten  feet  in 
length  with  three-eighth  links,  and  have  a 
hook  at  each  end.  One  hook  is  attached  to 
the  draw  bar  of  the  truck,  then  the  chain 
is   wound   a   few   times   round   the   rope   and 


hfK;ked  back  upon  itself.  (See  sketch.) 
*  >!f  of  the  chief  merit.t  of  thin  method  of 
g  is  that  the  pull  is  on  the  draw 
\,.ii  .  .  <M-  down,  and  in  the  centre  of  tlie 
r'*ad.  liiu^  avoiding  the  fide  wear  on  the 
wheels,  which  is  so  marked  a  feature  in 
,.   r  ,;.      ^   .      ".        -      ,    '  ••:>■■;  The 

1  .  -t    not 

the   rof>e  When    the  chain    f;rip 

Wrt-     i»i    "■  ■  it     wai     r.  I-. I 

ill  .»    f'<;.    ....^ ••  trouble  u    •  lie 

'   of  the   rof>e   if  preat  care  wan  not 
.  'It  ihit  draw- 

....<•,    and    after 
ti  up  no  further 
wa»  tx\**'rn'nri-ti    from    ihi*    source. 
'      '  •  •'      haul 

.'I    ih*" 
The    brenkinf; 


thus  a  i{(e  to  Ihe  rope 

diameter  of  the  r<i|>«  m  s«ven-eighthii  of 


an  inch,  and  it  travels  over  the  tracks  at 
the  rate  of  two  miles  per  hour-  The  attach- 
ins:  and  detachius  of  the  trucks  at  the  three 
landings  is  done  without  interferins:  with 
the  speed   of  the  rope.. 

The  haulasfe  ensfine  is  driven  bv  a  23G 
h.p.  motor.  This  gives  enough  power  for 
present  dav  use  and  admits  of  further  e.x- 
tension  of  the  haulage  should  this  be  desir- 
able There  is  sufficient  brake  power  on 
the  engine  to  stop  the  haulage  in  ten  feet 
in"  the  event  of  derailment  of  cars  or  other 
accident.  The    rope    passes    thre«    times 

lound  the  slightlv-coned  drum;  this  wives 
sufficient  friction  to  prevent  slipping,  while 
it  allows  a  twisting  movement  in  the  coils. 
Trip  switclies  are  fitted  to  guard  against 
overloading  and  consequent  damage  to 
motor. 

On  the  haulage  way  there  are  four  land- 
ings or  points  where  trucks  are  fastened  on 
and  taken  off.  The  main  station  is  on  the 
nineteenth  level,  and  it  is  at  this  point 
that  all  trucks  are  dealt  with.  Tlie  track 
from  the  bank  head  to  the  tipplers  has  a 
3°.  grade,  and  trucks  released  from  the 
rope  run  out  by  gravity.  Empties  return 
to  the  hanging-on  point  by  the  same  means. 
The  lauding  at  the  twentieth  level  is  laid 
witli  a  turn-out  left  and  right,  (rucks  pro- 
ceeding south  pass  along  a  drive  under  the 
haulage.  Empty  cars  are  detached  on  one 
side,  and  full  cars  are  connected  up  on  the 
other.  Switches  are  laid  from  the  main 
track  and,  when  necessary,  a  car  is  switched 
in,  unhooked,  and  sent  in  the  desired  direc- 
tion. A  slight  twist  and  a  ^hake  is  sufficient 
to  release  the  grip  on  tlic  rope,  and  one 
native  is  all  (hat  is  necessarv  to  deal  with 
(he  emptie.s.  On  the  opposite  side  of  the 
track  two  natives  attach  (he  loaded  cars. 
On  (he  twen(y-firs(  level  (here  is  only  one 
drive  on  (he  .soudi  side  of  (ho  haulafjp  wavi 
Ko  a  somewhat  difTcront  arrangcnicnl  was 
necessary*  Emptiet:  required  at  this  station 
an-  swilchod  out  and  move  over  a  bridge 
whiili  -|(.iM»  (ho  nuiin  tracks,  passing  along 
to  the  Hiding  about  200  feel  distant  At 
both  H(n(ion«  (lio  fnll  (rack  is  slighdv  disliod 
(o  allow  (he  loaded  cars  (o  ]>ass  under  (ho 
rope,  when  a((nchniont  is  easy.  Ore  from 
(ho  lwon(v-»orond  level  is  dropped  throni;h 
a  vortirnl  winzo  to  n  lowor  lovol  an<l  i" 
loadod  up  from  a  foot  wall  rroKscut  and 
allnrhod  to  (ho  rope  at.  (ho  (won(vthirl 
Kn>|>(ioM  roqiiirod  in  (ho  north 
.iro  Hwitchod  in  that  rlimlion,  (ho 
remainder  pasH  alonfr  (o  (he  main  Inndine. 
where  they  arc  dotochcd  from  (he  rope      It 


186 


Journal  of  The  CheinicaJ,  Metallurgical  and  Miniiuj  Society  of  South  Africa.    ApL,  1922 


will  be  noticed  from  the  sketch  given  that 
there  is  a  slight  depression  and  deviation 
of  the  full  track  near  the  top.  This  was 
found  necessarv  in  order  to  remove  the 
weight  of  the  rope  from  the  car  when  pass- 
ing over  the  bend  from  the  slope  into  the 
level  landing.  The  curves  on  the  haulage 
way  are  fitted  with  white  iron  pulleys,  the 
lower  flanges  of  which  hold  up  the  rope  so 
that  chains  and  hooks  pass  round  without 
knockinor  or  excessive  friction. 

Trucks  loaded  with  timber,  drills  and 
other  mining  material  pass  freely  up  and 
down  the  haulage.  When  loading  up  ex- 
plosives special  precautions  are  necessary. 
The  truck  containing  explosives  is  first 
fastened  on  lo  tlie  rope,  and  about  ten  feet 
behind  the  guard  truck  is  connected  u)). 
This  acts  as  a  buffer  should  a  car  be  acci- 
dently  detached  after  passing  over  the  run- 
rway  switch.  Fortunately  this  misadven- 
ture has  not  yet  occurred,  but  still  it  might 
happen.  Special  trucks  for  carrying  men 
are  in  use.  These  are  fitted  with  double 
chains  and  a  safety  trailer.  The  truck  im- 
mediatelv  before  the  man  truck  has  also 
this  safetv  ap])Hance  to  prevent  runawavs 
Owing  to  the  slow  rale  of  motion  of  th^^ 
haulage  it  is  quite  easy  to  leave  the  con- 
vevance  while  in  motion  so  that  accidents 
through  travelling  up  and  down  are  not 
likely   to   be   numerous. 

Trucks  are  attached  to  the  rope  at  fairlv 
regular     intervals.  The     lowest     landing 

spaces  the  cars  everv  80  feet,  the  next 
station  attaches  a  truck  between  these,  and 
the  upper  landing  again  divides  this  dis- 
tance, so  that  the  trucks  reach  the  top 
about  20  feet  apart-  With  this  interval 
between  each  car  the  detachina;  of  the  rope 
is  easil)'  accomplished.  Someiimes  cars  are 
sent  up  with  onlv  the  lenglli  of  the  attach- 
ment chain  between  them;  this  is  bad  prac- 
tice, but  it  causes  no  inconvenience  to  the 
natives  employed  releasing  the  cars.  The 
capacity  of  the  haulage  is  about  1,000  tons 
in  eight  hours.  This  figure  has  not  vet 
been  reached,  but  90  trucks  per  hour  has 
been  accomplished  over  a  consecutive  period 
of  six  hours,  and  there  is  little  doubt  that 
with  greater  ex])erience  and  larger  supplies 
of  ore  tlie  desired  tonnage  could  be  easily 
dealt    with. 

The  successful  working  of  any  endless 
rope  haulage  system  is  governed  to  a  great 
extent  bv  the  arrangements  for  taking  in 
slack  rope  and  keeping  sufficient  tension  to 
prevent    slipping    on   the   driving    pulley    or 


drum.  Ropes  stretch  with  use,  and  the 
weight  of  the  load  varies.  The  grip  on  the 
drivinir  wheels  slackens  or  tigiitens  accord- 
ing  to  the  position  of  the  cars  on  a  haulage 
wav  of  varving  grades,  so  that  some  method 
of  kee])ing  an  even  tension  on  the  rope  must 
be  employed.  On  this  system,  the  tension 
weight  is  at  the  lowest  point  in  the  haulage 
and  consists  of  a  loaded  bucket  containing 
about  three  tons  of  scrap  iron.  This  moves 
between  ])ulleys,  and  its  average  travel  is 
less  than  twelve  inches.  To  prevent  violent 
surges  due  to  serious  accidents  on  the  haul- 
age,  the  balance  weight  itself  it  fitted  with 
anchoring  rojies  which  allow  of  a  small 
ni.ovement  beyond  the  ordinary  travel  of  the 
tension  weight. 

The  haulage  is  laid  with  .30  1b.  rails  in 
30  ft.  lengths  with  fish-plated  joints,  and  a 
2  ft.  6  in.  gauge.  It  was  originally  laid 
with  steel  sleepers,  but  these  were  found  to 
be  unsuitable,  and  have  been  replaced  by 
wooden  ones. 

The  trucks  used  are  the  standard  Rand 
Mines  iron  truck,  with  a  carrying  capacity 
of  one  ton.  Tliey  are  fitted  with  Row- 
botliam  wheels,  have  a  wide  wheel  base  and 
substantial  draw  bar,  and  the  centre  of 
gravity  is  low  so  that  derailments  are  re- 
duced  to   a   minimum- 

Thouffh  the  trucks  on  tlie  haulage  system 
onlv  move  at  a  very  low  speed,  safety 
measures  and  appliances  have  not  been 
overlooked.  To  guard  against  the  possible 
danger  of  run-awav  cars  various  devices 
such  as  cutouts,  run-away  switches,  and 
kick-ups  were  installed.  The  haulage 
way  is  lighted  up  from  end  to  end  and  a 
roped-nff  travelling  way  has  been  made  by 
the  side  of  the  em])ty  track,  and  electric 
hells  and  telephones  are  in  use  at  every 
landing.  The  immunity  from  accident 
which  the  haulage  has  so  far  experienced 
testifies  to  the  effectiveness  of  these  safety 
measures. 

The  system  at  the  Modder  East  has  not 
been  long  enough  in  o])pration  to  enable  a 
close  estiniato  of  costs  to  be  made.  The  life 
of  the  rojie  has  not  yet  been  ascertained, 
neitlier  has  the  system  been  run  to  its  full 
capacity,  but  llic  saving  on  the  previous 
method  is  most  marked,  botli  ]iower  and 
labour   showing    considerable    reduction. 

In  working  the  haulage  only  14  natives 
nnd  one  European  are  employed.  After 
nllowing  a  reasonable  interest  on  the  capital 
ex])ended,  the  cost  per  ton  mile  does  not 
exceed   3. Id.      Ordinary   lashing  and   tram- 
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miug  on  most  East  Raud  ruiues  probably 
averages  about  50d.  per  ton  mile.  The  end- 
less rope  haulage  costs  on  two  neighbouring 
mines  average  6.8d.  over  this  distance,  but 
it  is  only  fair  to  admit  that  the  capital 
charges  in  these  cases  were  verv  high,  as 
special  haulage  drives  were  necessary  to  deal 
with  the  tonnage   required. 

I  have  to  thank  Mr.  H.  Stuart  Martin, 
who  planned  and  supervised  the  haulage, 
and  Mr-  £.  Pam.  Manager  of  Modder  East, 
for  permission  to  record  the  salient  features 
of  this  endless  rope  haulage  system. 

Prof.  G.  A.  Watermeyer  thanked  Mr. 
Chilton  for  iii.-  paper,  auu  assured  him  that 
papers  of  that  de>cription  alwavs  served  a 
valuable  purpose  because  they  gave  us  in- 
formation on  a  subject  which  had  been  verv 
little  discussed.  The  wealth  of  detail  on 
cloEcr  study  made  the  paper  still  more 
valuable,  and  he  considered  a  gratifvinfj 
feature  of  tlie  haulage  system  described  was 
the  measures  which  had  been  taken  for 
safety  throughout.  lie  thought  that  would 
stand  out  as  the  best  feature  of  the  haulacre 
system.  With  regard  to  the  cost,  thev  would 
be  ver)'  pleased  if,  when  Mr.  Chilton  replied 
to  tlie  di.«ous.sion,  he  gave  them  a  little  more 
iriforniaf  ion. 

Lt.-Col.  E.  Pam,  in  .'^conding  a  vote  of 
thanks  to  Mr.  Chilton,  agreed  as  to  the  value 
of  papers  of  that  nature,  and  added  that 
although  here  on  the  Kaiid  we  had  been  put- 
ting up  haulage  system.s  for  20  years,  ap- 
parently nobody  had  taken  the  trouble  to 
read  alxjut  tiie  practice  during  the  last  50 
years  in  the  coal  mining  industry  in  England 
An  set  forth  in  various  books  and  ))aperK. 
When  a  new  haulage  .sv.'^tem  was  being  put 
in  on  the  Moddir  Ka.nt,  Mr.  Stuart  Martin 
sent  out  one  or  two  old  iiwues  of  Journal*' 
from  Ilonie  and  pointed  out  this  '  •  <.f 
fiiaiii      liHuiage.        Tlif      chain      n  >  tii 

•»-»fned  simple,  and  after  a  very  careful  in- 
on   ••vfry   mine  on   tlip   Far   Ea*( 

i-   i-i  adopted.     The  main  point  which 

Mr  Chilton  had  mentioned,  but  which  he 
ha'l  not  mad»»  rpiite  rlrar,  was  the  diflforrnc*" 
».«'..  ,.«.f,  tjic  fixe<i  grip  which  im  al(nr|i<>d  to 
of  the  truck  and  the  loose  grip  which 
■    •     ^>e  obtained    by  '    chain    or  rope. 

'  '       if  the  jf*rk«v  I  on  the  truck 

laid  under  lli<  n  iln  runnint; 

fKf'ition  fiefore  the  rope  ran  be  clamped  on 
t"  i'.    '•  •  "ine/I   hnulnee   the   truck 

'nieht   r  .    .11       f>n   the  other  hand 

with  •  "lark  chain  and  some  fort  of  attach 
ment   the  truck  could  he  left   standinij;  in   n 


horizontal  position  at  the  side  of  the  rope 
and  at  an  angle  to  it.  The  truck  is  thus 
quite  safe  until  it  is  actually  attached  to  the 
rope.  At  the  Brakpan  Mine  thev  had  a 
similar  scheme,  using  a  chain  and  a  patent 
grip,  but  after  investigation  it  was  felt  that 
the  ordinary  chain  was  safer.  As  the  rope 
gets  to  the  top  and  there  is  more  strain  on 
it,  it  diminishes  in  diameter,  and  auv  fixed 
grip  naturally  becomes  slack.  The  chain,  on 
the  other  hand,  wcrks  itself  tight  as  the 
diameter  of  the  rope  decreases,  so  that  the 
friction  remains  the  same  right  througli 
Sketches  would  ajipear  in  the  Jounml 
which  would  make  some  of  the  details  clearer, 
but  to  him  one  of  the  main  points  of  interest 
in  connection  with  the  subject  was  the  re- 
version  to  old  coal   mining   practice- 


DISTRIBUTION  Or   GOLD  IN  BANKET 

ORE    CLASSIFIED    PRODUCTS    WITH 

REFER  KXCE  TO  MILLING   AND 

C  VAN  1  DING    OPER  AT  I ONS . 


Pv   F.    Warte.nweiler,    AIMM. 


(I'liiifol   in    Joiininl,    ./iiiu\     1921.) 


RKPLY     TO     DISCUSSION. 


Mr.  F.  Wartenweiler:  I  am  indebted  lo 
a  number  of  members  for  their  contribution 
to  (he  discussion  on  my  paper.  Mv  original 
intention  was  to  illu.-trate  the  di; t ributioii 
of  the  gold  in  (he  various  classifications  com- 
mon (o  our  milling  and  cyaniding  opera- 
tion.s.  It  was  not  (o  prove  (hat  (he  g<.ld 
was  princi|)ally  asscciuted  wi(h  (lie  pyri(e 
in  (he  same  manner  as  'ilver  is  wilh  gajena, 
bu(  I  have  cndeavonii-d  (o  iliow,  widiiii 
(^x|)crim('n(al  limits.  Jm.w  ii  is  pliv^ii-ally 
aj's*)cia(ed 

Tlie  flotation  iintliod.  with  liaiid  n-para- 
tion  as  a  safety  factor,  served  as  a  useful 
meauH  of  studying  (he  px(en(  of  gold  in  the 
"ilicious  gangtlP  before  aiid  after  ivaiiide 
t  rrat  ment . 

.Mr  King  has  rai^'ed  llie  |iiiiiiieiit  jxiint 
of  (he  me(allurgicHl  and  econoniii-  linii(s  of 
grindinj/  I  feel  (li/i(  tliis  is  too  extensive 
H  ^^ubjeel  t(»  be  dealt  witli  in  a  leplv  to  ilis- 
cuHt:ion  and  suggest  (hH(  lie  provoke  full 
di-euM-ion  bv  presenting  a  paper  In  view 
of  (he  devclopinen(  of  the  punt  (wo  years 
and  the  trend  of  evolution  (o  n  one  pul]) 
trentnietil    by   agitn(ion    on     ores     requiring 
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finer   grinding,    this    subject    might    well    be 
resurrected. 

Referring  to  the  limit  of  grinding  if 
leachable  sand  is  to  be  produced,  it  has  been 
my  experience  that  leachability  does  not 
entirely  depend  on  tlie  degree  of  comminu- 
tion, but  that  the  piesence  of  rock  constitu- 
ents, such  as  silicates  of  magnesia,  which  on 
grinding  assume  a  colloidal  nature,  has  a 
serious  retarding  effect.  To  illustrate:  On 
a  plant  where  only  30  per  cent-  of  the  ore 
nulled  is  treated  as  sand  and  where  classi- 
fication with  water  is  considered  good,  the 
limit  of  leachabilitv  has  ap])arently  been 
reached  and  is  extremely  sensitive,  yet  the 
grading  analysis  of  the  sand  discloses  llie 
following  comparatively  coarse  grading:  — 
+  60  -f  90         "  -90  -200 


30/  400/ 


410/ 


14' 


That  grinding  need  not  be  limited  or  re- 
larded  by  concern  for  leachability  of  sand 
is  an  advantage  of  which  the  metallurgists 
designing  the  projected  new  plants  on  Far 
East  Rand  ore  are  availing  themselves. 

With  regard  to  the  pannings  I  can  assure 
'Mr.  Adam  that  only  a  small  ])roj)()rtion  of 
the  pyrite — that  too  large  to  be  lifted  by  .he 
froth-forming  bubbles — was  collected  by 
this  method  and  practically  no  free  gold 
Anyone  familiar  with  the  difficulty  ot 
obtaining  sight  of  free  gold  by  ])anning,  in 
a  banket  ore  cyanide  pulp  or  residue,  will 
appreciate  the  low  incidence  of  this  jianning 
factor  on  the  accuracy  of  the  classifications 
made. 

Dr.  Caldecott's  contribution  has  supplied 
appreciated  references  of  investigation 
carried  out  in  the  past  on  the  same  subject 
It  is  perha])s  unfortunate  that  the  range 
of  my  investigation  did  not  include  tests 
on  a  mill-head  sample.  To  arrive  at  the 
free  gold  in  a  mill-head  or  original  01  e  I 
suggest  that  the  gold  usually  recovered  by 
amalgamation  be  taken  into  account.  My 
deduction  that  the  4-200  mesh  gold  particles 
should  be  returned  to  the  circuit  for  finer 
grinding  refers  to  the  usual  cvanide  pulj) 
after  amalgamation.  The  practical  object 
of  the  investigation  was  narrowed  to  the 
studv  of  extraction  bv  cyaniding,  and  it 
is  interesting  to  know  the  amouut  of  un- 
attached or  free  gold  ])assing  to  the  cyanide 
plant . 

Mr.  While's  contention  liial  on  ores  i;f 
the  Eastern  district,  which  difTer  fioni  those 
of  tlie  Central  area,  we  have  not  yet  the 
e.xact    correlaton     between     the     degree     of 


fine  grinding  and  percentage  of  gold  extrac- 
tion, is  difficult  to  refute  in  view  of  the 
meagre  data  ])ublished.  In  i)ractice,  when 
metallurgical  methods  are  in  a  state  of 
transition,  when  alterations  to  ])lant  are 
being  i)ut  into  effect,  and  when  the  value 
of  the  mill-head  is  a  variable  factor,  corre- 
lation becomes  a  matter  of  time  and  oppor- 
tunity. The  following  tabulation,  in  which 
I  have  made  an  attempt  at  correlating 
grinding  and  extraction  by  selecting  f)ur 
consecutive  months'  statistics  of  sucli  a 
})lanl,    may    al.-^o    be    unconvincing:  — 

(iriiidin-T 
Mi.l        Tcilal        Cviiii.  C'v:iu,  Cvnn.    perceiU. 

M"iitli        Tciin  Heiid        Kxtn.        Extii.  Head  Res.  iioin 

1:11:1.        Milled.  Dwt.    per  emt.  per  cent.      Dwt.         Dwt.  cyiinpiilii. 

St'pt.  2r..(H)0  SS:i  98-78  89-()0  b-2-i  'o-l  H'.H) 

Oct.  27,(J(i()  7\S()  (I4-7!)  lK)-2.s  1.-21)  --l^  84-,") 

Nov.  lM,(JU()  ,sr>l.  [)i-Mi  9(1 2'i  1--82  -1.7  82-0 

Dec.  24,2U0  908  94-87  91-,J9  "rOO  47  84-() 

In  practice  the  deleterious  effect  of  the 
presence  of  the  small  quantities  of  finely 
ground  nickel  sulphide  and  arsenic  sulphidv.? 
(Orpiment)  minerals*  is  doubtful  on  the 
ore  referred  to,  ])roviding  sufficient  pre- 
cautions aie  taken  in  the  piecij)itation  sec- 
lion  of  the  plant,  il  will  be  noted  that  the 
latter  mineral  was  isolated  and  found  un- 
associated  with  gold-  I  will  endeavour  to 
show  a  little  later  in  my  reply  that  encased 
gold  in  such  an  ore  is  a  nnicli  more  im- 
)K)rtant   factor. 

1  do  not  hold  (hat  the  method  of  separa- 
tion described  in  my  ])aper  is  perfect,  but 
(hat  it  does  indicate  the  distribution  of 
gold  within  such  classifications  as  (1)  free 
gold — that      amalgamable      with      mercury, 

(2)  gold    within     or     attached      to     ])yrue, 

(3)  gold  in  the  silicious  and  argillaceo.is 
gangue.  The  error  due  to  the  adherence 
of  pai  tides  of  gold  to  silicious  gangue  is 
ai)])aiei!t Iv  small.  IMr.  Adan)'s  contribution 
to  (he  discussion  in  effect  ie))lies  to  Ah*. 
White's  ai)preiiension  about  the  method 
cin])lo-\'ed.  The  writer  is  not  clear  in  his 
own  mind  how  roasting  to  a  magnetic 
pyrite,  a  step  which  is  apt  to  alter  the 
physical  .structure  of  the  ore  and  the 
original  ])yrite,  will  ])icsent  a  more  accurate 
method. 

My  thanks  are  due  (o  ^Ir.  Whi(e  for  de- 
ducing from  Charts,  Refs.  (11)  and  (12), 
that  the  percentage  of  extraction  of  gold 
in  (he  finer  ground  divisions,  —90  mesh 
and  -200  mesh  gradings,  is  greater  in  tiie 
pyritic  portions  than  in  the  gangue,  leading 

*    "Aiialv.sis    of    a     Far    East    Rand    Ore."    by 
h\  W.  Watson.     'I  liis  Jminial,  May,  1921,  p.  197. 
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to  the  coiiclusiou  that   the  gold  is  more  iu- 
timatelv  enveloped    in    the    latter. 

.More  recent  in\estigation  on  slime  resi- 
dues from  the  more  refractory  Eastern 
district  throws  liglit  and  emphasis  on  this 
point,  as  shown  in  the  results  disclosed  bv 
tabulation  :  — 

Grading:  *^-f"        -'*'    ,. 

t>  nieMi.         mei>h.  Composite 

Per    c«nt.    by    weight    16-6       83-4        1000 

Assay  dwt-   ". .  .         38  28         — 

Assay  per  ton  original        063        233  296 

Encased    Gold  : 

Dwt.    per    ton    25  19         — 

Dwt.  per  ton  original        042         158  200 

FeS_,    by     S.  deter- 
mination ; 
Per   cent      by    weight        -39        157  — 

Per    cent,    bv    weigiit 

in     original     065      1309        1374 

It  will  be  noted  tliat  of  the  296  dwt. 
gold  content  of  the  residue  the  -200  mesh 
grading  contains  tlie  large  portion,  or  233 
dwt.  per  ten,  and  of  this  158  dwt.,  or  67  8^^;,,, 
is  encased  or  insoluble  in  aqua  regia.  Of 
the  original  residue.  20  dwt.,  or  67-5%, 
is  encased  The  -200  mesh  division  con- 
tains by  far  the  largest  proportion  of  the 
Fe.S_.  I  1-57%),  yet  its  enca.sed  gold  is  in 
about  the  >-anie  proportion  as  that  of  tlit- 
~2(><'  nie'h  grading.  67-8",,  and  65  7",,  re- 
■<pectively.  Tlie  free  gold  and  that  within 
»i  .•  fiiip  giound  pyrite  has  obviousiv  been 
\*---  resi.stani  to  cyanide  attack  than  that 
enca.-ied    in    the  silicious    matrix  Tlie    re- 

rnarkabi*'    ff;iture    appears    to    be    the     con- 

*■•'■'#•    Kold    whirli    persists    in    remaining 
.   and   to  free  which  or  render  attack- 
able     presumes      super      claej-ification      and 
.'      '  '   jree  of   pii'   ••       'ion  whirh 

•    t    the   luci  efiirienrv 

rf  tube   milling. 


A   RE.ST'MK  «)K  .STANDAKh   .MKTIIODS 
IS       SAMl'MNG.        ANALY.SIS        AND 
f'LASSIP'ICATION     OF     COAL 


Mv   A     TiirvoR  WiLLiAMH.  M.8c.,   H  A 


(I'rintfil    n,    JnurnnI,    Jul;/.     1921   ) 


rtvAi     ruMfi'MMioN 

Mr   J.  O.  Braidwood  :    I   •hoiild  imagine 

from   Ih^   fir»l    paragraph   of    Mr     Willi«in»<'' 

III*    f<  •  li«v«»    \yrru    inadvrr 

..  .ri     bv    "^  ...!  :...!i[j     I     saifl' ,     if    so     I 

riiiw    «xprr««   mv   norrow   And   trust    that    li« 

1922    *  /''•'f.  Mopt.  1(121.  p  »l 


will  take  the  discussion  in  a  friendly  spirit. 
Further,  I  have  not  attacked  hi?  work,  or 
the  work  of  trained  scientists,  in  a 
derisive  manner  because  they  were  trained! 
scientists,  but  because  I  disagreed  with 
what  was  published ;  also  I  conclude 
that  anything  one  publishes  is  open  to 
criticism ;  otherwise  ::nv  individual  opinion 
published  without  criticism  would  certainly 
be  held  to  be  the  opinion  of  members  of 
that   institution. 

Mr.  Williams,  I  think,  is  unaware  that 
the  South  African  Engineering  Standards 
Committee  published  methods  of  sampling 
in  1912;  I  was  a  member  of  that  Committer 
and  placed  before  the  technical  geiitlemeu 
who  composed  it  the  method  which  I  had 
had  in  use  since  1908.  We  have  again 
appointed  a  Special  Committee  on  Coal 
under  the  auspices  of  the  British  En- 
gineering Standards  Committee,  South 
African  Hranch.  which  has  met,  and  will, 
meet  again  to  revise  and  re]nil)lish  our 
standard  methods.  This  is  what  might  be 
teriiu'd  entering  our  second  stage,  after 
about  nine  years  of  experience,  which  [ 
think  is  somewhat  different  from  what  Mr. 
Williams  would  have  us  understand  is  the 
case  in  England  where  matters  are  of  a  more 
recent  date. 

We  have  seen  a  leaflet  published  by  the 
Hoard  of  Trade,  and  we  do  not  know  if  the 
Hoard  of  Trade  is  going  to  j)ul)lisli  tlu» 
entire  report.  If  so,  we  might  be  expected 
to  run  things  on  the  same  lines,  such  as 
samj)Iing  a  mine  by  means  of  pillars  cut  from 
I  lie  face  or  taking  samj)les  of  coal  of 
39.000|bs.  weight  ;  consequent Iv  we  would 
riehtlv   enquire,    who   pavs  ? 

I  want  Mr  Williams  to  nppreciati-  the 
fact  that  I  do  not  doubt  that  equally  good 
rpsult.x  may  be  obtained  bv  his  methods,  but 
F  regret  I  am  obliged  to  adlnMc  to  the  teiiour 
of  my  pieviou'*  criticism  with  regard  tci  tli<A 
waste  of  time  or  money  if  adopted  a>-  i-oin- 
par«>d    with    tlio    iiifthodM    m    ii>4«>    |ifr<> 

I  feel  that  before  proceeding  with  ii  replv 
to  Mr  Sinnat's  remark**^  on  mv  contribution 
to  the  disrussion  that  it  woiiM  be  better 
to  «HV  that  I  borrowed  an<l  have  read 
Hiilletiiis  No  -J  of  l!M9  and  N<.  1  of  I92<>. 
but     returned     theni     iiflci      itiakiiig     a     few 
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extracts.  I  noticed  the  preface  of  one  of 
them,  written  by  Mr.  Burrows,  a  sentence 
which  read  as  follows: — "It  is  a  mat- 
ter of  some  regret  that  we  are  com- 
pelled to  look  to  America  for  standard- 
ised methods  for  the  valuation  of  coal."  I 
am  in  full  agreement  with  Mr.  Burrows  in 
so  far  as  the  regrets  he  expresses,  but  I  do 
not  agree  that  we  are  compelled  to  go  to 
America  for  standardised  methods  for  the 
valuation  of  coal.  It  reads  as  if  the  matter 
■was  beyond  the  capabilities  of  British  scien- 
tific and  commercial  men. 

With  regard  to  the  third  paragraph  which 
states  that  the  value  of  the  small  coal  is 
necessarily  inferior  in  value  to  large  coal,  it 
must  depend  a  good  deal  in  what  part  of  the 
Beam  the  undercut  is  made.  If  there  is  no 
undercutting  and  the  coal  is  blasted  out  of 
the  solid  this  will  again  make  a  difference  in 
the  value  of  small  coal.  There  is  no  rule 
that  small  coal  must  necessarily  be  of  a  lower 
calorific  vahie  than  larger  coal ;  it  is  usually 
so  here,  because  the  seam  is  undercut,  in 
most  collieries,  in  lower  value  coal,  or  bands 
Avhere  this  occurs,  and  not  as  a  rule  on  the 
floor  line,  where  in  most  of  our  collieries  the 
best  coal  is  situated. 

My  point  is,  with  regaid  to  the  quantities 
of  large  and  small  coal,  that,  it'  the  sample 
is  properlv  taken,  the  proportions  of  each 
should  automatically  be  correct,  tlie  estima- 
tion of  the  large  and  small  coal  or  impurities 
should  be  quite  unnecessary,  when  taking  a 
sample,  if  it  be  properly  taken  on  a  sound 
:system. 

I  have  not  yet  read  the  classical  paper  by 
Bailey,  which  T  conclude  is  a  treatise  on 
sampling  for  various  materials  and  general 
purposes,  but'  I  fail  to  see  how  the  systems 
we  have  in  use  could  be  simplified;  the 
results  obtained  by  ])ersonal  exj)erience,  and 
experiment,  over  a  long  j)eriod  are  our  justi- 
fication for  a  system  designed  and  used  for 
coal  only.     T  see  no  reason  for  a  change. 

Referring  to  Mr.  Sinnat's  descri])tiou  of 
my  remarks  regarding  a  39,0001b.  sample  as 
caustic  and  misleading  I  can  only  add  that 
ihere  seems  to  have  been  a  sacrifice  of 
economy,  but  the  object  of  the  sacrifice  is 
not  clear  to  me. 

I  have  notliini/  to  add  to  mv  remarks  on 
the  system  of  cutting  a  pillar  of  coal  out  of 
a  seam.  I  still  think  it  a  waste  of  time  and 
unnecessary  labour  except  as  a  means  of 
<loing  the  work  in  comfort  in  the  office  rather 
than  in  the  mine.  I  note  that  the  jiillar  is 
cut  bv  a  collier  at   a  cost   of  from  .£1    to  £?>. 


and  takes  appioximatelv  a  shift.  In  this 
time  1  should  require  five  or  six  completed 
sub-divided  sections,  with  a  complete  set  of 
notes  on  the  seam  and  other  information. 
If  this  pillar  of  coal  is  required  for  exhibition 
purposes,  as  a  traveller's  sample,  or  a  Board 
Room  ornament,  I  can  quite  appreciate  its 
value  as  worth  its  cost,  but  as  a  system  for 
mine  sampling,  as  I  concluded  it  was  in- 
tended, I  unhesitatingly  condemn  it,  except 
if  it  be  necessarv  for  special  laboratory 
research  work,  which  was  not  mentioned  as 
the  special  object  of  this  class  of  sample. 

I  note  that  Mr.  Sinnat  states  that  in  his 
opinion  "it  is  the  onlv  manner  in  which  a 
seam  can  be  investigated."  Since  1908  T 
have  carried  on  the  investigation  of  seams, 
valuation  of  mines,  etc. — a  large  number  of 
reports  having  been  written,  entirely  based 
on  the  system  I  have  in  use — without  ever 
having  had  occasion  to  resort  to  the  pillar 
svstem.  The  managers  of  these  mines  have 
in  many  instances  stated  that  the  figures 
handed  to  tliem  I'epresent  the  true  value  of 
the  seam  in  their  mine,  but  in  no  instance 
has  the  accnracv  or  the  deductions  made 
from  the  information  obtained  been  either 
questioned  or  disputed,  the  output  having 
cGiifirnied  my  results  i)iovided  the  coal  has 
been   properly   cleaned- 

T  do  not  dispute  with  Mr.  Sinnat  that  his 
])illar  sy.'tem  will  give  accurate  results,  but 
I  consider  it  unnecessarily  elaborate  as  a 
sampling  method.  T  can  get  a  verv  reliable 
and  complete  set  of  samples  and  other  data 
in  li  to  2  days,  of  a  colliery  with  an  output 
of  about  80,000  tons  ])er  month,  jjrovided 
(hat  the  working  face*--  are  not  more  than  li 
miles   from   the  shaft. 

With  regard  to  Mr.  Sinnat's  remark  that 
"the  exanunalion  of  (he  seam  is  quite  dis- 
tind  from  the  valuation  of  (he  output  of  a 
coal  mine,"  T  would  ])oint  out  that  here  the 
seam  is  examined  and  notes  made  at  the 
same  time  tliat  tlie  sample  is  taken.  It  is 
possible  that  the  word  "examination"  used 
by  Mr.  Sinnat  may  mean  extensive  research 
work  of  an  original  nature,  and  not  a  classi- 
fication  of  the  varieties  of  coal  com])osing  a 
seam  cou])led  with  records  of  disturbances, 
faults,  etc.,  which  are  noted  in  the  vicinity 
of  the  place  where  the  sample  is  taken. 

With  reference  to  my  previous  remarks 
regarding  sending  a  40  lb.  sample  to  the 
laboratory,  I  meant  that  a  sample  can,  and 
should  be,  reduced  to  about  51bs.  to  send 
to  the  laboratory,  and  unless  it  is  intended 
to    carrv    out     extensive    analyses    a    2    oz 
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bottle  full  is  sufScient  to  keep  for  reference. 

Unfortunately    we    have    been    unable     to 
■educate  the  powers  that   be  here  to  the  ad- 
vantages cf  research  work  on  coal ;   1   50  of 
a  pennv  per  ton  would   be  of  some  use  and 
amplv  repav  the  expenditure. 

With  reference  lo  the  last  paragraph  in 
•Mr.  Sinnat's  contribution  to  the  discussion 
it  contains  a  wish  which  we  most  heartily 
applaud,  u^melv.  that  we  should  be  able  in 
the  future  to  have  our  own  research  associa 
tion.  To  this  1  would  add  that  we  should 
welcome  the  great  assistance  that  would 
result  if  Mr.  Sinnat  took  an  active  part  in 
it. 

In  conclusion  I  feel  tliat  the  discussion 
resulting  from  Mr.  Trevor  Williams'  paper 
has  shown  us  that  what  suits  one  country, 
its  conditions  and  products,  does  not  neces- 
sarily suit  another,  altliough  the  product 
may  be  clashed  as  similar.  At  the  same  time 
T  would  offer  Mr.  Sinnatt  my  apologies  for 
anvtiiing  contained  in  mv  discussion  which 
from  his  side  of  the  world  he  mav  consider 
unjustified,  and  I  trust  that  should  I  have 
the  ?ood  fortune  to  meet  him,  or  to  be  able 
to  render  him  anv  assistance,  lie  will  feel 
that  it  is  with  the  heartiest  good  will  and 
to  the  best  of  my  ability. 


WA.STK    HOrK    IX   ORK    MILLED 


By    W     \     Caldecott.   1)  Sc. 


(PrnitrH   in    Jnurnnl,    Orlnhrr,    1921.) 


RKPI.Y   TO    DIS*-!-ssiON. 

Dr.  W.  A.  Caldecott:  I  am  obliged 
to  Prul.  G.  A  Walermever  for  giving  us  a 
more  logical  form  of  the  equation  ?<howii  in 
my  pa[>er.  and  I  al.<to  appreciate  Mr.  II  A 
White's  endorsement  of  the  importance  of 
th<-  '  f  reef  mined* 

I  _  -et    forth    in    the 

paper,   the  que«ttion     of    Horting    out    clean 
reef     for     »j>erially     fine     rru«»liing     appi-.n 
worthy    of    conmderalion     in     certain    can- 
Thin    principle    of    adopting    separate    treat 
tnent     for    a    high-grade    Mtrted    prmiuct    in 
rominon    in    oth#-r    hranrheit    of     m<-lalliirgv 
notably  with  gal<>na  ore,  but  it  in  alM>  prar- 
tiaerl  el*#>where  in  gold   metallurgy,  n»  illiiN- 
trate<i    bv    the    f   "  iii    from   |i 

90  of  Wi;ird'«i       I  r       '  \re  nf  Ore 

I)re«»ing"  flOir,, 


''f)T^    •'»rlmt'    <  .411     \tf    pt 
or  f  V*.,   .(,'1     ,,       .1  A        Tl.. 


Willi      Olio 

.•*    Ik    rITiH'l 
rV<r.|„»„r      \'rj\ 


a  concentration  bv  hand,  the  concentrate  or 
shipping  ore  being  directly  removed  by 
hand  and  routed  to  seme  convenient  point 
for  shipping.  The  second  end,  which  can 
be  effected  bv  sortinor,  is  to  raise  the  grade 
to  a  more  or  less  degree  bv  lemoving  by 
hand  worthless,  or  neaily  worthless,  pieces 
of  rock.  The  first  is  the  more  important  and 
the  end  for  which  sorting  is  most  commonly 
conducted.  In  the  Cripple  Creek  District 
surface  sorting  is  universal,  the  worthless  or 
verv  low  grade  ore  which  results  from 
screening  out  the  rich  fines,  being  picked 
over  bv  hand  for  large  pieces  of  value,  the 
criterion  for  removal  being  anv  appearance 
indicating  vein  material,  drusv  surfaces  ot 
(.juaitz,  or  other  mineials,  narrow  vuggy 
cavities  and,  of  couise,  anv  sh.een  of  tellu- 
ride  minerals.  The  fines  and  large  rich 
pieces  go  to  the  cyanide  mills  and  smellers, 
and  the  balance  to  waste.  The  loss  in  waste 
is  comparatively  small,  and  the  fines  and 
sortings  carry  practically  all  the  gold,  and 
as  about  one-half  of  the  ore  is  removed  in 
the  form  of  fines  and  rich  pieces,  the  ship- 
ping ore  is  about  twice  the  value  as  that 
hoisted    from   the  shaft." 

As  applied  to  Rand  banket  probably  not 
more  than  10°..  of  the  total  ore  milled  could 
be  sorted  as  clean  reef  and  irushed  to  the 
economic  limit  of  fineness  in  a  portion  of 
the  crushing  plant,  allocated  lo  the  i)urpose 
and  with  separate  ore  hin  and  Hibe-niill  cir- 
cuit. With  clean  reef  as.-aving  from  20  dwt. 
to  30  dwt.  fine  gold  jier  ton,  this  procedure 
would  j)robablv  involve  actual  sliming,  say, 
to  90" 200  inesli,  and  I  he  additional  ex- 
penditure involved  bv  sorting  and  finer 
cnmhing  should  be  wananleil  through  each 
1".  more  gold  m  the  dean  leef  exposed  and 
extracted  re|»rt"-enl  ing  twice  or  thri<'P  as 
much  value  as  I".,  on  the  average  value  of 
the  total  ore  milled  In  a  large  plant  the 
additional  jtrofil  might  aiiHiniii  to  -^rvcral 
thousand    pounds  yearly. 

CaJculation  will  show  that,  the  <lesira- 
bilitv  of  ihiK  <'(jurHe  iiKteases  with  an  iii- 
crea''iiig  latio  of  waste  to  leef  in  the  total 
ore  milled,  a**  well  ax  with  the  iin-rcasing 
aKNHV  value  of  the  clfHii  n-cf  Hence  t  he 
liiclliod  I  illillkeiv  to  be  U)-eful  when  wi(li> 
reefit  of  low  or  medium  grade  are  miiu'd, 
but  in  fpecidllv  adapted  fur  luiiniw  ricii 
reef^    mined    with    iiuu-h    waste 

When  applicHble  I  lie  prarlice  of  sorting 
would  lienre  yield  three  |»roducls.  nainely 
MH»t"  fili»«nided).  mixed  reef  jinri  wiimIo 
^ci  ij.  Ii.r|  I.     ;,iid     «|c/iii     leef     ffiiielv     cnixlied) 
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The  additional  expense  involved  should  be 
ofTset  to  some  extent  by  the  slightly  less 
degree  of  fineness  required  by  the  residual 
poorer  inixture  of  reef  and  waste,  and  the 
final  tailing  pulp  leaving  the  reef-crushing 
stamps  and  tube-mills  could  be  allowed  tn 
join  the  tailing  pulp  from  the  rest  of  the 
crusliing  ])lant  for  common  classification  and 
cyanide    treatment. 


THE   CORRf:LATTON   OF 
METALLURGICAL   STATISTICS. 


Rv   H.   A.   White. 


{Privfcd   111    Joiintal,    Deceinhrr,     1921.) 


DISCUSSION. 


Dr.  W.  A.  Caldecotl:  Tlie  mass  of 
figures  in  the  paper  is  evidence  of  the  pro- 
longed hibour  involved  in  its  preparation, 
and  it  const ituies  a  record  of  the  first  com- 
prehensive application  to  local  metallurgical 
problem.;  of  statistical  methods  such  as  are 
used  in   other  arts  and  sciences. 

Without  discussing  the  general  issues 
raised  in  the  s])ecialised  field  of  tlie  paper 
one  or  two  points  may  be  commented  on. 
The  author's  i-triking  experience,  that  in 
some  casos  surface  sorting  actually  corres- 
ponds with  a  decrease  in  screen  values,  is 
obviously  due  to  some  factor  other  than  the 
removal  of  a  certain  percentage  of  low-grade 
waste  from  a  given  tonnage  of  ore  hoisted 
in  one  day.  When  sorting  corresponds  with 
lower  screen  values  the  average  value  of  ore 
hoisted  must  be  materially  lower  than 
when  sorting   is   not    jiractised. 

The  author's  confession  of  past  error  (on 
]).  104)  in  regard  to  the  percentage  of  — 90 
product  in  the  tube-mill  outflow  liardly 
seems  required,  since  with  tlie  same  feed 
tonnage  to  the  tube-mill  tlic  miniiiiuni  of 
— 90  jiroducf  in  the  inflow  iiaturallv  involves 
a  low  percentage  of  — 90  i)roduct  in  the 
outflow.  In  other  words,  the  general  view 
that  the  j)ercentage  of -f- 90  in  the  outflow 
slujuld  not  be  too  low  (say,  below  50".),  is 
really  equivalent  to  the  author's  conclusion 
tliat  tlie  feed  should  contain  as  inucli  as  -t- 90 
as    possible. 

Tiie  stope  widths  necessary  with  narrow 
reefs  referred  to  by  the  author  come  within 
the  ])rovince  of  the  miner,  but  investigation 
would  probably  indicate  that  on  much  of 
the  Hand  more  waste  than  reef  was  being 
mined    and    milled,    though    this    fact    is   not 


obvious  fiom  the  usual  practice  of  reporting 
assay  values  of  stopes  instead  of  separatelv 
the    reef    and    waste    to   be   mined.* 


THp; 
COMBUSTION    OF   SOUTH    AFIUCAX 

COAL  IX  BOILER  FURNACES. 


Bv   E,    P.    Reim,    B.Sc. 


(I'lintcd  in   JoiuiKtl,  Jdinnuti ,    1922.) 


DI.SCUSSION. 

Mr.  Jas.  Gray  :  Our  knowledge  of  South- 
African  coals  is  so  meagre  except  as  regards 
complete  analysis  that  any  contribution 
which  niav  stimulate  discussion  and  throw 
light  on  the  subject  is  to  be  welcomed.  I 
feel,  theret'ore,  that  we  are  under  a  great 
obligation  to  ]Mr.  Keini  for  his  contribution, 
and  I  hope  the  discussion  will  result  in  in- 
creasing our  knowledge  on  what  is  one  of 
South  Africa's  most  valuable  natural  re- 
sources. 

It  api)ears  to  me  that  Mr.  Heini  has, 
bv  certain  modifications,  improved  boiler 
efficiencies  and  in  his  ])a])er  showing  how 
this  has  been  done  he  has  introduced  a 
certain  amount  of  extraneous  matter  which 
is  entirely  irrelevant.  Many  of  his  state- 
ments cannot  be  substantiated  and  others 
are  in  entire  disagreement  with  generally 
accepted  opinions  of  workers  in  this  field,  or 
are  still  the  subject  of  investigation,  and  the 
last   word   remains  to  be  said. 

It  is  also  a  pity  that  the  writer  did  not 
edit  the  arithmetical  part  of  his  contribution 
more  carefully,  for  numerous  errors  are  to 
be  found,  and  they  certainly  do  not  help 
to  a  satisfactory  understanding  of  the  pa])er. 

I  propose  to  deal  with  the  various  matters 
raised  in  detail,  and  will  follow  therefore  the 
scheme  of  the  author. 

Orujui . — In  considering  the  combustion  of 
coal  for  any  paiticular  purpose  a  knowledge 
of  its  origin  and  mode  of  formation  may  be 
useful,  but  I  think  the  usual  procedure  in 
the  Transvaal  is  to  design  the  jilant  accord- 
ing to  the  coal  available,  and  I  feel  tlial  this 
procedure  must  of  necessity  be  the  most 
coiiinion  elsewhere.  It  is  generally  admitted 
that  ])ortions  of  plants,  tissue,  etc.,  are 
alwavs  found  in  coals  when  examined  micro- 
scopically. Sto))es  and  Wiieelerf  deal  very 
exhauslivelv  with  this  subject,  and  in  their 
review  of  the  literature  on  the  subject  point 

~*  iSee   this   .Touhnai.,    p.    64,    October,    lf)2L 

t  Mono<ri-aph  on  "  The  Constitntion  of  Ccal." 
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out  that  wood,  bark,  cuticle?  of  plants,  par- 
ticularly those  covering  leaves  and  vouui: 
twigs,  spore  coats,  sporangia,  seeds,  soft 
walled  tissue,  etc.,  have  all  been  identified 
microscopicallv  in  ccal. 

As  far  as  I  am  aware  there  is  little  or  no 
literature  en  the  oiisrin  of  S.A-  coals,  and 
the  theories  which  have  been  applied  to  the 
formation  of  coal  in  European  countries  and 
America  have  usually  been  taken  to  apply 
to  coal  in  this  countrv.  With  reference  to 
the  heat  accompanying  the  changes  taking 
place  in  the  foimation  of  coal.  Bone  and 
ether  writers  are  of  opinion  that  the  tem- 
f)erature  to  which  coal  has  been  subjected 
has  not  exceeded  300°  C,  a  temperature 
which  cannot  be  considered  excessive. 

I  III  pin- it  ic. — Mr.    Reim's    conclusions     re- 
garding the  presence  of  sulphur  in  coal  is, 
if  I   read  coiiectly,  that  it  is  due  to  subse- 
quent   infiltration       As   regards   pyrites   and 
gypsum   tliis   is   probablv    the   case,    but    not 
all  the  sulphur  in  coal  is  present  as  pyrites 
a    proportion    which     varies     largely     is 
..rent   in   the  form  of   "organic"    sulphur. 
>to|>e«'  and   Wlieeler  state :    "As  proteins  in 
i   variety  of   forms  are  predoujiiiant    in   the 
;.;..,,        vbytanre     of     the     ]>lant-bodv     (the 
.  and  nucleus  of  every  living  cell), 
I  variety  of  nitrogenous  and  suipliur-contain- 
'ducts    are   to   \>e    expected     in     coal, 
in  very  much  {e.-s  quantity  than  tlie 
• «,    owing   to   their    relatively     nmall 
;    in    the    livinj;    plant   "       I    have    found 
■      '    in    Tran.-vaal    coal     the     proportion    of 
<  I'liur  ax  pvriteM  varies  from   about    100",', 
total  Hulphur,  while  "organic" 
..*;..-■  fro--'  •••.'•#»«  to  60",',,  sulphate 
dii«'  t<»   o\  .   and   ify|iHurn    ln'iiijf 

/ibk*  qiiHUtitivH  when  tin-  ciml  Ih 
rniii«-'i    Gyjwum  is  rarely  present. 

— To  »lal#'  H'  the  author  doe** 
''••»•   lu   the  roal   \y>  n.H.Hunicd   to 
>    liydrogvn   in   the  form  of 
water   HMiiU    exiKt    in    the   roal 
•     •    '  -     ■     •'    if   not  driven  off 
C  )."  IN  enlirely 
V\  hat   «hould    have   bcrn   Raid  \», 
•     '  '  ■      ..  roin 

'  „'«'ll     of 

thoroal  lo  form  water."     It  in  probnblp  that 

'    fi«-d  w«l«»r  whirh 

on     drviiit;     at 

IiKr^  f  ,    ,,i,,|  r^ndiTn    inirlead- 

iiig  the  figure  fur  volaliiecrimbu«tible  matter 


ti«-"niy 

t  'i>ni ' 
llmf    ' 

w  a  t  <•  r 


if'orrtrt 

'V  I 


in  a  proximate  analysis,  but  to  say  that  all 
oxygen  in  coal  is  present  in  the  form  of 
water  is  absuid.  Coal  is  known  to  contain 
celluloses,  resinic  and  nitrogenous  bodies,  all 
cf  which  are  compounds  of  hydrogen,  carbon, 
and  oxygen,  and  these  bodies  contain  OH, 
CO,  afid  COOli  groups.  Inyesligation  by 
the  action  of  solvents  on  coal  have  been 
conducted  in  an  endeavour  to  obtain  these 
vaiious  bodies  in  a  form  which  enable:^ 
examination. 

The  calculations  whicli  fellow  this  state- 
ment are  vitiated  in  a  slight  degree  by  aritli- 
metical   mistakes  as  follows:  — 

Line  38,  2-16tli  of  1000'.,  =  1-25%,  not 
102,  and  consequently  llie  hydrogen  per- 
centage   becomes    2-55. 

Page     lis,     line    25,     for     "8540"     read- 
"8562." 

Page  118,  line  26,  for  "2-78"  read  "2-55." 

Page     118,     line     26,     for     '-HTO"     read 
Id  t . 

Page  118,  line  27,  for  "1-55"  read  "1-50." 

Page  118,  line  2S.  for  "10,070"  read 
"9.969." 

It  is  generally  adtnitted  that  calculations 
of  the  calorific  value  of  ccals  from  tiie  figures 
obt .lined  on  ultimate  analyses  give  a  fairlv 
satisfactory  result.  If  sulphur  in  the  first 
instance  is  considered  iinportaiil  wliv  does 
the  author,  in  tlie  second  iiistame,  reject  it 
and   substitute  nitrogen. 

The  autlior's  statements  regarding  tiie 
behaviour  of  coal  on  burning  in  a  furnace 
aie  cfilainly  not  lacking  in  imagination, 
and  liM;ugh  his  micro|)ii(.tograpiis  may  help 
him  to  visualise  the  changes  which  the  coal 
uiidtigoes.  T  nnist  confess  that  I  am  uiiah].^ 
to  follow  him.  Vol-itile  natter  and  lixcd 
(.aibon  are  not  defiiiite  chemical  entities  as 
le  appears  to  cf)nsider.  The  jtatement,  "Hr- 
gardiiig  the  ash,  if  this  is  fairlv  heat  resist- 
inc;,  Hurh  as  that  cr)ntaining  chiefly  silica 
and  alumina,  and  if  it  is  compactly  distri- 
bute*!, it  will  ii'taiii  its  original  shape,  etc.," 
ixnveys  nothing  to   me. 

Ill  I  hi"  ttrithmetioal  calculations  whidi 
follow,  I  suggest  the  following  alterations:  — 

Page  121.  Iin.>  12.  for  "(UM.^)"  iphcI 
"0  664.')." 

Pairi.  121.  line  2:i.  for  "5060"  n.a<l 
".Vt.')2  " 

P...'..  I'Ji.  liix-  l>:i  for  "2800"  rnid 
"2. 

I'..-.-  121.  liiM-  29.  for  ".in.'iO"  read 
"35  J I  " 

Kecoiid  cohiiiin,  line  29,  for  "1960"  rend 
"1951" 
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Second  cohiiun,  line  10,  for  "10860"  read 
"10840." 

Second  column,  line  11,  for  "5040"  read 
"5036." 

Second  column,  line  11,  for  "2760"  read 
"2780." 

Fin:t  cclumn,  line  12,  for  "10860"  read 
"10840." 

Page  122,  column  1,  line  29,  for  "237" 
read  "0-237." 

Page  122,  column  1,  line  33,  for  "10850" 
read  "10840." 

Page  122,  coluinii  1,  line  35,  for  "10850" 
read   "10840." 

Page  122,  column  2,  line  28,  for  "10530" 
read  "10080." 

Page  122,  coluiun  2,  line  29,  for  "270" 
lead  "2070." 

And  .substituting  llie  correct  figure  of 
10080/207  +  86°  F.  the  temperature  is 
27350  C.  and  not  2860°  C. 

If  the  calorific  value  of  the  original  coal 
is  calculated  from  the  formula,  the  figure 
obtained  is  11825  and  not  12280  (line  30), 
and  the  tlieoretical  temperature  of  com- 
bustion is  2749°  C.  and  not  2860°  C.  (line 
32).  These  corrections  may  not  affect  the 
deductions  made,  yet  they  make  the  paper 
difficult    to   follow. 

Storatjc. — To  make  the  bold  stalcnuMit 
that  "in  1909  Mahler*  proved  that  when  air 
is  passed  over  dry  coal,  free  from  occluded 
gas,  at  as  low  temperature  as  25  to  30°  C 
water,  CO  and  CO.^  are  formed,"  leads  on-fi 
to  the  conclusion  that  if  such  passage  of  air 
was  continued  indefinitely  tlie  coal  would 
be  com])letely  destroyed.  Bone  (Coal  and 
its  Scientific  "Uses,  p.  919,  p.  158)  says:  "At 
temi)eratures  below  80°  C.  the  absorption 
of  o.wge-i  in  the  cases  of  a  Durham  coking 
coal  and  a  Barnsley  steam  coal  of  nearly  the 
same  percentage  composition  was  conipara- 
lively  slow  even  when  the  coal  was  exposed 
1o  tlie  gas  at  high  ])ressures,  and  the  absorj) 
tion  wa--  unattended  by  the  jiroduction  ol' 
more  than  relativelv  very  small  j)roportioii- 
of  oxides  of  carbon.  Tn  the  neighbourhood 
of  80°  C  the  action  became  decidedl',' 
quicker,  and  above  100°  C.  it  was  marke<t 
by  a  regular  and  simultaneous  ])roduc(ion  of 
tlie  two  o.xides  of  carbon  and  steam,  all  of 
which,  evidently  resulted  from  the  decom- 
position of  some  unstable  'oxygenated'  bodv 
(or  bodies)  primarily  formed  by  the  absorp- 
tion of  the  oxygen." 

•  Mahl.ir  on  passing  air  over  150  gi-ams  of  finely- 
dividofl  roal  f or  :^0  hours  at  a  tfMnpcriiturc  from 
25-.W- C.  o1)taiiic«l  ltK)c.c.  COaaiul  2HHv.c.  CO. 
J.S.C.I.  1910.  p.  7-ii. 


Spoiitcneoiix  ('oi/ihiiation. — I  feel  that  to 
dismiss  such  an  important  subject  as  this  in 
vlie  space  of  less  than  a  column  is  somewhat 
drastic.  The  author  assumes  that  because 
Mahler  found  <iiat  oxidation  of  coal  takes 
place  at  low  tem])eratures  (a  statement  which 
is  not  entirelv  supported  by  Bone),  that  this 
would  apply  particularly  to  coals  high  in 
volatile  matter.  What  reasons  has  he  for 
making  ihis  deduction?  llis  reference  at 
the  end  of  the  paragraph  to  Lomax  does  not 
su])i)ort  it  a«  would  appear  from  the  statf,- 
meni ,  "and  these  are  not  always  those  witli 
the  highest  percentages  of  volatile  matter  or 
i)yrites." 

T/ic  M icio'^cro/jic  Kxftniinution  of  Coal. — 
Mr.  Peirii  ap])ears  to  labour  under  the  idea 
as  I  remarked  before,  that  fixed  carbon  and 
volatile  .matter  are  definite  chemical  entities. 
1  am  satisfied  that  he  cannot  by  polishing 
and  etching  or  heat  tinting,  or  any  other 
means,  produce  a  section  of  coal  which  will 
show  under  the  microscope  fixed  carbon  oi* 
volatile  matter.  His  statement  that  one  can 
estimate  the  suilabilitv  of  coals  for  different 
purposes  by  this  means  is  absurd. 


Notices  and  Abstracts  of  Articles  and 
Papers. 


Cri?:MlSTRY 

Dktiumination  ok  PiiosruoRic  .\(ID  as 
Macnksum  I'vitoiMiosi'iiATK. — A  critical  review 
of  ])revious  work  on  the  estimation  of  pho.s- 
phoric  acid  or  niaf2;iicsiuni  by  ])recipitation  as 
maffiicsiuiii  aniiiioiiiuin  phosphate  and  sub.se- 
(|Ui'iit  ijiuitioii  of  the  i)rccii)itate.  Nciibaucr's 
method  and  tlic  use  of  a  sintilc  precipitation  at 
;i  low  temperature  are  not  to  h(>  lecommended, 
as  accurate  results  ai'e  obtained  only  under 
sp(-cial  conditions.  The  (h)ul)le  piccipitation 
luetliod  fzivi's  f^ood  results  jjrovidcd  tliat  tlie 
first  ])ii'cipitate  i.s  dissolved  in  not  too  iittte 
liydi'ochloiic  acid,  only  CI'  and  NO  '  anions 
and  no  lartje  (piantity  of  alkali  cations  are 
present  durin^i  precipitation,  and  that  the 
second  precipitation  is  cai'ried  out  by  rajiid 
addition  of  !()",,  ammonia  solution.  Schmitz's 
nietliod  is  tiie  only  one  wliicli  under  si)ecial  con- 
ditions, trives  a  pure  inatiuesiuni  pyrojihospluite, 
and  wiiich  {jives  accurate  results  under  widely 
varyiuff  conditions. — T).  Balaukkk.  Z.  anorg. 
C'lu'in.,  JdiiriKil  of  Sdfii'ti/  ( 'lir  m  ioil  I  ixlitsfri/, 
August    15.    1!»21.    p.   r)()2A.'   (A.W.) 

Dktkction  ok  Lkai)  in  Pkatv  Watf.hs.— The 
l)ro«  n  coh)ur  of  certain  peaty  wateis  inter- 
feres with  the  detection  of  traces  of  lead  by 
the  alkaline  sulphide  te.st.  To  eliminate  the 
colour  the  water  is  treated  with  a  slight  excess 
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of  permanganate,  then  rendered  amnioniacal, 
and  kept  for  forty-eight  hours ;  the  precipitate 
which  forms  c-ontains  the  whole  of  the  lead  and 
may  be  c-oUected  on  a  filter,  dissolved  in  hydro- 
chloric acid  (a  colourless  solution  results),  and 
the  solution  tested  for  lead  in  the  usual  way. — 
T.  Tickle.  Analvst.  Journal  of  Socipty  Chemi- 
cal   Industry.    July    &).    1921.    p.    526a.    (A.W.) 

Separation  of  Silicon.  Tin.  TiTANirji  and 
ZiRCONirM  BY  Sodium  Carbonate. — The  mixed 
oxides  are  fused  for  three  hours  with  six  times 
their  weight  of  .sodium  carbonate,  the  fused 
ma.ss  is  boiled  with  water,  and  the  solution 
filtered.  The  filtrate  c-ontains  the  silica  and 
a  portion  of  the  tin.  and  these  are  weighed 
together  after  evapcjraton  with  nitric  acid,  the 
silica  being  separated  subsecjuently  by  treat- 
ment with  hydrofluoric  acid.  The  insoluble  por- 
tion contains  the  titanium,  zirc-onium.  and  the 
remainder  of  the  tin  :  it  is  ignited,  fused  with 
eighteen  times  its  weight  oJF  pota.ssium  bisul- 
phate.  and  the  mass  boiled  with  water  contain- 
ing nitric  acid.  Tin  remains  in-^oluble  and  is 
separated  by  filtration  :  the  filtrate  is  neutra- 
lisied.  treated  with  hydrogen  peroxide,  and  the 
pr»-f-ipiiated  /irconium  separated  and  weighed. 
The  titanium  is  then  precipitated  bv  ammonia. 
— P.  Wfngkr  and  J.  Morkl.  Ann.  Chim. 
Analvt..  Journal  Suriefy  of  t'hputirnl  Industry, 
July'lo.   1921.   p.   492a.     (A.W.) 

The  Stability  of  Atoms. — The  Mid-Victorian 
b<'!ief  in  the  immutability  of  the  atoms  even 
when  subjected  to  "the  most  drastic  physical 
and  c-hemical  agencies  available."  had.  of 
roume.  to  be  discarded  at  the  beginning  of  the 
pre«tent  century,  when  the  spontaneous  trans- 
foi  of  Home  of  the*  heavier  elements  was 

AUiiii  the  positively  charged  nucleus  of  the 
atom  there  is  a  distribution  of  enough  nega- 
tively charge*!  ejertrons  to  make  the  entire 
atom  neutral  On<"  or  more  of  these  may  be 
detarbe<i  without  rauKing  n  lasting  change  in 
the  atom.  "In  order  to  pro<Juee  a  permanent 
transformation  of  the  atom  it  is  ne<-essar>'  to 
dUintegr-"*        '  .         •■      Thin   is   very   small, 

having  a  iter   than  0  X  l<i'-f.m., 

but    it*   >  ■'    are    held  -r   bv 

strong   ii'i  ly   "a   few  ^   are 

available  for  an  attack  c»n  its  structure.'  The 
alpha-particle  i«  a  very  «-«)ncentrate«l  vi.iirr.-  nf 
energy  and.  in  the  cane  of  the  heavier  • 
one  such  particle  out  of  |(i.ri(i(j  «-olliii.  -  ^^,l,, 
the  nu'leu*.  "The  tnm-  of  the  lighter  elements, 
h'p  '  '  ■'■  :      for      the 

r«-;  <T    tbiit     w«» 

Hi  the 

n '  1  I  gy . " 

U  .^en    or    a    r  '>und 

i«   !-•■  •    «»f"i4m   <i. ,...;..  leu   it 

•»!'  a     hvdro'en    ntom    ii 

dr  ;•■>■>   ■"■•11  .«  velority  that  it  cniix**! 

m  uiMiii     •Inking      a      xinr    «iilf>htd« 

■efcfii,       i 111-    masifii'.  '     It  ,« 

i»    ^    e  m      on'I'T    •  1 

ni" 

n.  >i  ii 

a    range    ni  Ihm  e    of    raiif/e 

reiiilira    i»     in   j fi    a*<  '  lf-nlot>"-    '" 

til'  of    tra(««    of    '  II    or    nt 

coin jMi.iii.i-   III  the  air  or  ntif^-n   ti*e«|       Kimih 


boron,  fluorine,  sodium,  aluminium  and  phos- 
phorus such  swift  H-atonis  are  ejected  by  the 
impact  of.  the  alplia-particles.  The  range  of 
the  atoms  from  aluminium  is  80  cm.  "It  is 
of  special  interest  to  note  that  H-atoms  are  only 
liberated  in  elements  whose  mass  is  given  by 
4^1  -r  2  or  4;i  -^  3  where  /?  is  a  whole  number. 
Xo  H-atoms  are  observed  from  elonu^nts  like 
carbon,  oxygen  and  sulphur,  whose  mass  is 
given  by  4«."  In  the  experiments  cited  only 
one  alpha-particle  in  a  million  breaks  up  a 
nucleus. — Sm  E.  RrxHERFORo.  Jcurnal  Frank- 
lin In.tfitute.  February.  1922.  paore  254 
(J.A.W.>  ..... 

Selknicm  and  TK^.L^R^^^r  CoMrorNns  as 
Intfnsifieks  of  (;asolin. — Autlioritativo  re- 
ports from  the  laboratories  of  the  General 
ilotors  Company  give  information  that  by  the 
employment  of  selenium  oxyciihuide  or  diethyl 
telluride  the  efficiency  of  a  given  amount  of 
gasolin   can    be   doubled. 

The  data  have  been  obtained  by  Midgley  and 
Boyd.  The  tellurium  comnound  was  the  most 
eflficient.  and  is  especially  advantaceous  in 
eliminating  the  'knock"  which  is  developed 
when     a  motor  is  labouring  on  a  gii'de. 

Victor  Lenker  states  that  if  only  one  hundred 
of  one  per  cent,  should  be  used  in  gasolin  the 
amount  of  tellurium  required  in  the  present  use 
of  gasolin  in  the  I'nited  States  will  be  1.500 
tons. 

In  1920  it  was  a.scertained  that  without  fur- 
ther plant  e(|uipment  the  country  could  produce 
only  a   litt'c  over  sixty  >iiort   tcuis. 

It  will  be  necessary  to  find  new  sources  of 
tellnriiini  and  .dso  of  selenium  if  these  materials 
are  to  be  extensively  employed  A  very  im- 
portant point  will  be  the  .sanitary  problems, 
wliich   apparently  have  not  yet  been  considered. 

Selenium  and  tellurium  compounds  are  mostly 
finite     poisonous. — Juurnal     h'niullin     hisfituli' 
-March.    1922.   page  .'^90.      (.I.A.W.) 

Nkw  .Mfthop  of  Hyphoofnation. — (Jraiiich- 
!itadtc<n  and  Sittig  describe,  in  (Unrnidr  di 
t'hiiiiirn.  tlie  use  of  a  iiickcl-niagiit'siuin  silicate 
as  a  catalyst  of  liigli  power  in  hydiogcnat  inn. 
oils  ac|uiiiiig  an  iiiiusual  degree  of  w  liiliiicss 
at    not   above   40'^C. 

With  most  nietliods  now  in  use  dark  oils 
must  pr«-vi<nislv  be  bU-aclied  if  desired  to  be  of 
•'•mmI  coloiir.  but  with  the  new  process  tliis 
''leiiching   is   not    rerpiired. 

Tlie  catalyst  is  prepared  by  piecipitat imi  so 
iiH  to  secure  IIS  uiufomi  a  product  as  possible. 
The  piociMluie  pioiiii>-es  to  lie  widely  used  ainl 
i«t  to  Im-  covered  by  patents.  -  ./xk/jk//  l-'ranhlin 
ln»Htulr.    MnrtU.    1922,    page  .I'lO.      (.F.A.W) 

l*HH'*HATION        OF       ('AltllOWTi:        KlIFK       SolHIM 

il>  DiioxiiiF..  .Iiicoli  Coriiicj:.  of  oiiio  Stale 
^lllver^ity  l.hiuniiil  \i;'ti,ini  t'hrmiral  Su. 
rirt,/.     1921.    xliii      V  I),    has    devised    the 

following  teehnic  foi  tii<  i>iipiirjit ion  of  a  solu- 
tion of  Hodiiiiii  hydroxide  Ire.-  fintii  «arb<in. 
nte«. 

Dpitilled  Milter  ii  boiled  m  mi  Krleiimeyer 
fln»k  to  reiiiovi-  diKHolveil  earboii  dioxi<le,  llieii 
ID  c<Mi!ei|  mid  loveted  With  ii  layer  o)  ethyl 
fiber   from    ',\    to    i   cent i'iiieiri*N    in    depth. 

I'i'<<   •     of      llietiilllr     mimIiiiIii      not      excei*ding      | 
'••    III    diiimeler    nie    diopped    iiiio    the 
i!"-^"     i    reniHin    nuiipeiideil    in    the   ether. 
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The    water    present    in    the    ether    slowly    con-     [ 
verts  the  sodium   into  sodium  hydroxide,   which 
passes  into  the  a(j noons  layer. 

When  the  proper  amount  of  sodium  iias  been  < 
dissolved,  the  "greater  portion  of  the  ether  is  I 
removed  by  means  of  a  pipette,  the  remainder  ! 
by    boiling   the   solution.  j 

The  resulting  aqueous  solution  of  sodium 
hydi-oxide  does  not  yield  a  precipitate  with  an 
a<|neous  solution  of  barium  hydioxide ;  hence 
is  fi'ee  from   carbonates. 

Fire  and  explosions  never  occur  during  the 
preparation,  provided  the  layer  of  ether  be 
kept  sufficiently  deep  so  that  the  suspended 
sodium  cannot  come  into  contact  with  both  the 
air  and  the  water  at  tlie  same  time. — Jacob 
CoRNOG.  Journal  Franklin  Institute,  ^larch. 
1922.    page  404.      (.T..A.W.) 

JUxnvKRv  OK  Zinc  from  Cy.\xide  Plants. — 
A  desci'iption  of  the  Koniinsky  process  for  .'e- 
coveiing  zinc  from  waste  solutions  from  cyanide 
plants.  This  proce.ss  is  in  work  on  a  small 
.scale  at  Germiston.  east  of  Johannesburg.  'J  no 
zinc-.slimes  obtained  in  the  precipitation  of  gold 
from  cyanide  solutions  consist  of  nu'tallic  .^old 
in  finely  divided  form,  unattacked  /inc.  and 
some    insoluble    zinc    compounds.  After    the 

mass  has  been  filtered  the  .solid  mass  is  treated 
with  sulphuric  acid  solution  or  with  a  solution 
of  acid  sodium  sulphate.  The  gold  remains  un- 
changed bv  this  treatment,  but  the  zinc  passes 
into  solution.  After  the  treatment  with  acid 
is  com|ilet('d,  the  gold  is  separated  and  sent  to 
the  sn)('ltiiig-house  The  solution  contains  zinc 
in  solution,  and  is  at  i)rescnt  run  to  waste.  The 
object  of  tlic  Kominsky  jirocess  is  to  obtain  the 
zinc  in  the  form  of  |)igment.  The  solution 
contains,  as  a  rule,  zinc  salts  equivalent  to 
about  5%  of  metallic  zinc,  but,  in  addition,  it 
always  contains  a  snnill  amount  of  iron  salts 
which  ai'e  jiiesent  mostly  in  the  ferrcnis  condi- 
tion, and  the  solution  is  always  acid.  For 
the  i)roduction  of  zinc  ])ignicnt  it  is  n(>cessary 
to  I'cinove  tlie  iron  from  tiie  solution,  because 
if  this  is  not  done  the  iron  \Aould  find  its  \\ay 
into  the  iiiccipilated  zinc  compounds  and 
would  cau.se  di.scoloration.  The  removal  of  the 
iron  has  been  made  po.ssible  by  the  Kominsky 
process.  At  the  Germiston  works  the  first 
step  in  the  process  is  the  control  of  the  acidity 
of  the  .solution  ;  if  the  solution  is  too  acid  the 
acidity  i.s  redu<-ed  by  the  addition  of  lime,  but 
care  must  be  exercised  that  the  acidity  is  not 
reduced  tf)o  much.  The  iron  in  the  solution 
is  then  completelv  converted  into  ferric  condi- 
tion by  the  addition  of  a  solution  of  sodium 
chromate.  As  the  ferrous  iron  is  oxidized  to 
the  ferric  state  the  chromate  (or  bichromate, 
since  the  reaction  takes  place  in  slightly  acid 
solution)  is  reduced  so  that  the  solution  now 
contains,  in  addition  to  sodium  salts,  zinc  snl- 
iihate.  ferric  sulphate,  and  chromium  sidpliate. 
It  is  not  advisable  to  use  excess  of  sodium  cliru- 
mate,  although  a  moderate  excess  can  readily 
be  corrected.  To  a  small  jjroportion  of  tlic 
original  solution  the  retpiisite  quantity  (but  no 
excess)  of  solution  of  sodium  hydroxide  is 
added.  This       precipitates        impure       zinc 

hvdroside  This  zinc  hydroxide  is  mad"  into  a 
thin  i)aste.  which  is  now  added  to  the  fully 
oxidised  solution.  The  zinc  livdroxide  is  add<'(l 
in  considerable  excess.  The  first  action  is  thai 
of  the  excess  of  acid  present  on  the  suspended 


zinc  hydroxide,  whereby  the  .solution  is  neutra- 
lized and  a  quantity  of  zinc  sulphate  equivalent 
to  the  free  sulphuric  acid  present  is  produced 
and  passes  into  .solution.  The  zinc  hydroxide 
then  reacts  in  the  neutral  solution  with  the 
ferric  and  chromium  sulphates,  producing  in- 
.solublv?  ferric  and  chromium  hydroxides,  which 
.separate  from  the  solution  and  an  equivalent 
quantity  of  zin<-  sulphate  passes  into  solution. 
The  zinc  hydroxide  then  reacts  in  the  neutral 
soluticni  with  the  ferric  chromium  sulphates, 
IJroduciiig  insoluble  ferric  and  chromium  hy- 
droxides, which  separate  from  the  .solution  aiid 
an  equivalent  quantity  of  zinc  sulphate  passes 
into  solution.  The  fluid  is  then  filtered,  and 
the  clear  filtrate  obtained  is  a  neutral  solution 
of  zinc  sulphate  and  .sodium  sulphate.  The 
.sludge  in  the  filter-jiress  contains  an  excess  of 
zinc  hydi-oxide  mixed  with  hydroxides  of  iron 
and  chroniium.  and  can  be  re-used  as  a  precipi- 
tating agent  until  the  zinc  hydroxide  is  almost 
exhau.sted.  The  clarified  .solution  containing 
zinc  and  sodium  sulphates  is  now  in  a  condi- 
tion to  be  precipitated.  The  preci])itation  may 
be  eft'ected  by  means  of  a  .solution  of  sodium 
carbonate  whereby  in.soluble  (basic)  zinc  car- 
bonate is  deposited,  or  by  means  of  solution 
of  sodium  chromate,  in  which  ca.se  in.soluble 
zinc  chromate  .separates.  The  insoluble  zinc 
salt  is  well  washed  with  water  to  remove  all 
the  sodium  salts,  and  it  is  then  separated  in  a 
filt(>r-press.  Th(>  sludge  in  the  filter-press  is 
diied;  at  pre.sent  th(>  .sludge  is  dried  by  expo- 
suie  to  the  air.  but  this  method  is  unsatisfac- 
tory and  a  dust-proof  drier  should  be  installed 
The  dried  zmc  chromate  obtained  in  this  way 
retpiires  only  to  be  crushed  and  sieved  to  be 
r(>ady  for  ri.se  as  a  pigment,  zinc  yellow.  In 
order  to  make  zinc  white  (zinc  oxide)  the  dried 
basic  carbonate  would  retiuire  to  he  calcined 
in  a  calcining  furnace,  and  in  order  to  make 
a  satisfactory  ])igment  the  calcined  mass  would 
require  to  be  finely  ground  and  sieved.  The 
l)r()cesses  in  use  at  the  Gernii.ston  works  are 
sim|)le.  The  ])resent  cai)acity  of  the  plant 
allows  of  the  production  of  about  two  and  one- 
third  tons  of  jiigment  per  day  of  twenty-four 
hours.  The  co.st  of  the  jirocess  will  be  deter- 
mined hugely  by:  (a)  transjiort  of  the  zinc- 
slime  .solutions  to  the  Avorks;  (h)  co.st  of  re- 
agents, sodium  chromate,  and  sodium  carbon- 
ate. Thei(>  will  be  olitained  as  a  liy-jiroduct 
sodiniu  sulphate  in  the  form  of  a  solution. 
Recovery  of  this  salt  ((ilaulier  salt)  in  a  useful 
form  will  entail  evaporation  or  a  system  of 
eva|)oiation  followed  by  refrigeration.  It  may 
be  adtled  that,  on  the  assumiition  that  the 
zinc-slime  solution  obtained  from  the  gold 
mines  contain  zinc  salts  (>(|uivalent  to  5",,  of 
metallic  zinc,  each  gallon  of  the  solution  would 
contain  .Jib.  of  zinc,  and  from  this  would  be 
obtained  l.M>^lb.  of  zinc  chromate  (zinc  yellow) 
with  the  aid  of  1 .25lb.  of  sodium  cliromate. 
Or.  if  zinc  white  (zinc  oxide)  were  made,  then 
for  each  gall()n  of  solution  O.^^llb.  of  sodium 
carbonate  would  be  recpiired  and  0.9(511).  of 
zinc  carlionate  would  be  obtained,  which  would 
yield  ().62lb.  of  zinc  \\liite.  The  consumption 
of  zinc  on  the  gold  mines  of  the  'Witwaters- 
land  is  about  2.500  tons  per  annum.  The  major 
jxirtion  of  this  air.ount  can  be  recovei'cd.-  — 
Smifli  .\fri(<in  Journal  iif  f iid usf rics  (rei)rinted 
in  .Mining  .Magazine,  J^ondon),  December,  1921, 
(F.AV.) 
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A  Very  Sensitivf  Re»ge>t  fok  Coi-pek  :  the 
Kastle- -Meyer  Pe.\gfnt. — The  Ka-tle-ilover 
reagent,  which  is  a  2'  solution  of  phenolph- 
thalein  in  2l» '.,  potassium  hydroxide  solution 
dec-olorised  bv  boiling  with  zinc  powder,  gives 
a  pink  t-oloration  with  c-opper  salts  and  is 
capable  of  detet-ting  1  part  of  copper  in 
Hj<).r»(K(.(MHj  parts  of  water.  Four  drops  of  the 
reagent  are  added  to  Id  c-c-.  of  the  solution  to 
be  tested  and  then  one  drop  of  hydrogen  pei- 
oxide  (5-6  vols). — P.  Th(>m.\s  and  (i.  C.mii'KX- 
TER.  J'nirniil  lite  niirnl  Sucirfi/  (c-onipt.  rend 
1921.  173.  lO-'2-l(»-o).  Januarv.  1922.  p.  ii.  «>. 
(R.A.C.) 

The  I'sE  OK  Mekcikic  Nithate  Instead  of 
Silver  Nitrate  in  the  Kstimation  or  the 
Halogens. — The  methcxl  proposed  by  Votoc-ek 
in  which  mercuric-  nitrate  is  used  with  .sodium 
nitroprusside  as  indic-ator.  gives  very  accurate 
result-s  for  «hlorid<.'«  (and  for  bromides,  cyan- 
ides, and  thioc yanates)  if  a  c-orrection  is  ap- 
plieil  for  the  ex<-es»i  of  mercuric  salt  iiec«s.sary 
to  prodtic-e  a  precipitate  under  given  conditions 
of  composition  and  volume  of  solution.  Neither 
dilute  ac-ds  nor  the  common  metals  except  c-op- 
per. c-nbalt.  nickel  and  c-admium  interfere.  The 
method  estimates  acc-urately  chlorides  in  t-on- 
ductirity  water,  and  gives  gcx>d  results  for  as 
little  as  9  mp.  of  chlorine  per  litre;  it  s  suit- 
able f«»r  the  estimaticMi  cif  chlorides  in  urine. 
— I.  M.  Koi.TiioFF  ami  .\.  Hak.  Joiirn.  I'liem. 
Hocy.  <(heni.  W.  .-.kMii.l.  l!»-22.  19.  14-16).  Feb- 
ruar>-.    1922.    p.    ii.    139.      (H.A.C.) 

Nrw    Method    for    the    Voli-methic    Kstima- 
tion  itv   Cori'KR.— The     salt     CuSO^.     4NH        is 

c|mte  •rtable  at  the  ordinary  t«-mperature.  and 
i»  r|iiantitatir<*ly  precipitated  from  anueous 
nolution  \n-  addition  of  eight  volumes  of  9s"., 
alcohol.  The  precipitate  after  thorough  wnshini; 
with  alcohol,  it  redifisolved  in  uater.  and 
titrated  with  N/10  Hulphuric  or  oxalic  acid, 
with   ■  '  red  an  indicator. — S.     Minovici  and 

A     !■■  Ji/tirii.     I'hriH.     Son/.     (Bui.    S<w. 

(•him     Koinania     i;»2I.  3.  M9-93).  February-.   1922. 
p     ii     1»52       (|{  A  <•  ) 
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the  acidity  of  the  solution  is  due.  In  the  same 
way  a  base  dissolved  in  water  dissociates  into 
basic  ions  and  hydroxyl  ions:  it  is  to  the  latter 
that    the    alkalinity   of   the   solution    is   due. 

The  concentration  of  hydrogen  ions  expressed 
in  terms  of  grams  of  ionised  hydrogen  per 
litre  of  solution  is  represented  by  the  svmbol 
rH-l  or  C;  thus  Cr  =  K)-*  means  that  in  one 
litre  of  solution  there  is  contained  one-millionth 
of  a  gram  of  ionised  hydrogen. 

In  order  to  simplify  working  conditions  and 
to  do  away  with  the  use  of  negative  indices 
it  is  customary  to  state  the  hydrogen  ion  con- 
e  entration.s  at  which  indicators  show  their 
c-oloiir  changes  in  terms  of  what  is  known  as 
the  Ph   values. 

Ph    is  the  logarithm  of  the   reciprocal   of  Cm, 

log.    77-  :   thus   if  Ch    =    10-« :    Ph    =    6.0. 


/.« 


Ph  is  therefore  the  index  of  the  H  ion  con- 
centration with  the  sign  reveised.  The  colour 
changes  of  indicators  take  jilac*'  over  definite 
ranges  of  H  ion  c-oiiceMtr;'tion.  Methyl  orange, 
whose  range  is  from  Ph  2.9  to  4.0.  is  red  when 
the  c-oncentration  of  H  ions  is  not  less  than 
10---^.  As  the  concentration  decreases  the 
c-olonr  of  the  indicator  passes  through  oraiH'e 
until  when  the  concentration  becomes  10-'", 
the    colour    will    be   yellow. 

No  further  ch.iiM/e  will  take  place  no  matter 
how  small  tho  hvdiogc'i  i«n  concentration,  or 
ac'dity.  may  become.  Methyl  orange  is  there- 
fore useless  to  indicate  any  other  range. 
Phenolplitnalein  will  indicate  a  chantre  in 
hvdrogen  ion  conc-entrntion  from  10-"  to 
10-'";  but  it  will  not  indicate  over  the  rainre 
of  methyl  orange,  and  .so  on.  Pnie  water  dis- 
sociates to  a  snijill  extent  into  hydrogen  and 
hydri.xvl  ions.  This  balance  is  readily  upset 
by  the  presence  of  dis.solved  substance^  Th(> 
addition  of  acid  inc-rea.ses  the  concentration 
of  H  ions  and  decreases  that  of  the  ()  H  ions 
but  the  product  of  the  two  remains  constant 
(10"").  Alkali,  on  the  other  hand,  decreases 
that  of  the  ()  H  ijins.  It  is  usual  to  stati'  the 
acidity  or  alkalinity  of  all  s.ilutidiis  solely  in 
ti'iiiis  III  H  ion  concentrations,  and  to  ignore 
till-  (►  H  ions,  but  as  Cii  x  Coii  alwavs  e(|uals 
!'»  ""  at  IH'^C  the  concentration  of  the  OH 
i.oiis    may    lie    calciilated    readily,    if    rei|uired. 

Pure  water  is  taken  as  the  stainlard  of 
abHoliite  neutrality,  as  the  <  oiiceiit  uit  ions  of 
its    hvdiotien    and      hvdroxvl      ions     ale      e(|n«l, 
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impurities,  and  tluy  may  be  lelietl  upon  as 
standards. 

A  series  of  test  tubes  containing  buffer  .solu- 
tions of  irraduati'd  Pii  values,  with  the  addi- 
tion to  each  of  the  same  quantity  of  an  indi- 
cator whose  Pii  corresponds  with  the  same 
range,  will  show  a  very  gradual  colour  change, 
each  shade  corresponding  to  a  definite  Pii 
value.  Thus,  in  order  to  find  the  Pu  of  any 
solution,  it  is  only  necessary  to  add  the  coriect 
(luantity  of  a  suitable  indicator,  and  compare 
the  coloui'  obtained  with  a  series  of  buHer 
sohitioiis  containing  the  same  (piautity  of  the 
same  indicator.  By  the  use  of  carefully  se'ectcd 
mixtures  of  intlicators,  it  is  po.'-sii)le  to  deter- 
mine the  approximate  Ph  of  any  fluid  with- 
out the  aid  of  biiffer  solution.s.  Such  mixed 
indicators  show  a  numl)er  of  different  colour 
changes    over    a    large    range.  The    average 

observei-  c-au  recognise  the  six  s|)ectrum  colours 
and  their  half-way  shades  with  a  fair  degree 
of  accurac-y  without  a  colour  compaiison.  and 
if  the  colours  assumed  by  the  indicator  are 
calibrated  initially  against  l)uff'er  solutions,  it 
follows  that  any  Pu  value  within  the  range 
of  the  mixed  indicator  can  he  determined 
approximately    at   sight. 

The  author  gives  several  examples  of  the 
method  ot  choosing  a  suitable  indic'ator  for  a 
given  titration. — T.  T.  Cocking.  The  Clivinica} 
Aijc.    .January    2«th,    1922,    page   94.    (P.A.C.) 

Macnkshm  ('.\uhon.\tk  as  a  C'i.aiuiyinc; 
AcKNT. — The  properties  of  light  magnesium 
carbonate  are  cpiite  unicjue.  It  is  a  very  bulky, 
\\hite.  inert  powder,  whose  jiarticles  are  ex- 
tremely finely  divided,   aveiaging  usually   about 

I  micron  in  diameter  (a  micron  is  one- 
thousandth  millinu-treV  These  microscopic 
crystals  have  a  very  soft,  smooth  texture.  Their 
cumonsition  is  ordinarilv  assumed  to  c-orresixuid 
to  the  c-hemic-al  formula:  4  .MgC(\.  MgCOH).^. 
0  H.,():  but  this  will  vary  with  the  method  of 
umuufacture.  and  samples  of  this  |)rocluc't 
uuuiufactured  on  a  large  scale  in  Anu>rica,  by 
boMiu"  a  solution  of  magnesium  bicarbonate, 
have  been  found  to  corres])oud  more  nearly  to 
suc-h     a     c-omoositiou     as     that     re|)ieseiited     hv  : 

II  MgC'O,,.;?  -MfilOll),.!!  H,,().      iirobably      being 

composed  of  a  nrxture  ot  magnesium  carboi'- 
ates  of  simpler  molecular  formulas.  Light 
magnesium  carbonate  has  an  absolute  spec-ific 
gravity  of  only  2. IS.  referred  to  the  density  of 
water,  and  is,  therefore,  one  of  the  lightc>st  of 
mii'eral  products,  but  further  than  this  it 
c'rystallises  in  such  a  bulky  snowflake-like  form 
that  the  onwder  ei)elo>-es  about  7  t'mes  its  own 
volume  of  air.  so  that  it  weighs  only  about  90 
iframmes  jx-r  litie.  or  o.o  pnunds  per  cubic- 
foot. 

Accorcliug  to  a  communication  from  the 
Mellon  Institute  of  Industrial  Uesearch.  Pitts- 
buri'h  I'niversitv,  to  the  Ammican  Prrtiimpr. 
magnesium  carbonate  is  cpiite  insohible  in 
water,  only  about  (l.tKl')  gramme  of  the  oxide 
dissolving  in  a  litre  of  water.  This  auiount 
is  so  small  as  to  l)e  abvolutelv  negligible  with 
regal  cl  to  its  physinl(>gical  effect,  or  to  au.v 
effect  upon  the  cpialities  of  the  product  being 
clarified.  Magnesium  carbonate  do?s  not  im- 
part any  taste  or  oclo'ir  to  the  licpiicl  in  which 
it  is  used,  but  the  carbonate  cannot  be  used  in 
liie    clarific-atioii      of     any      product    containing 


acids.  In  such  a  case,  the  liquid  may  be  clari- 
fied by  the  use  of  magnesia  before  the  addition 
of  the  acid  to  the  produc-t,  as,  for  example,  in 
the  c-ase  of  flavouring  extrac-ts  for  soft  drinks 
to  whic-h  i)hosphoric-  or  citric  acid  is  added. 

The  purely  mechanical  dirt  and  impurities 
suspended  in  these  solutions  mav  ea.sily  be  re- 
moved by  simple  filtration,  but  this  is  not  true 
of  the  resinous  or  c-oUoidal  impurities.  When 
mas/nesium-carbonate  po^^clel•  is  sus])encled  in 
a  liquor  of  this  ty|)e  it  has  the  proi)crty  of 
ab.sorbing  or  agglutinating  a  large  part  of  these 
c-olloidal  impurities,  so  that  they  mny  be 
removed  bv  filtration.  .Ma<rnesiiim  c-arbonate 
has  also  the  property  of  breaking  up  emul- 
sions of  oils  in  water,  due  anpareutlv  to  its 
greater  absorption  power  for  the  oil  than  for 
the  water,  and  this  enables  it  to  clarify  solu- 
tions in  which  the  cloudiiH>ss  or  lack  of  bril- 
lianc-,v  is  due  to  the  ))reseiice  of  emulsified  oils. 
A  limited  amount  of  the  colour  of  tinctures 
and  other  preparations,  whose  excessive  c-olour- 
ing  is  due  to  colloidal  resinous  substances,  ma,v 
lie  removed  by  the  u.se  of  magnesium  carbonate, 
but  this  material  has  very  little  absorptive 
power   for    coal-tar    dyes 

It  should  be  emjjhasised  that  it  is  not  neces- 
sary to  use  a  great  excess  of  the  magnesia 
powder  to  ett'ec-t  c-om|)lete  clarification  in  most 
cases,  and  larire  amounts  sini])ly  add  to  the 
difficulty  of  filtration;  usually  from  O.o  to  1 
per  cent,  of  the  weight  of  the  liquid  to  be 
clarified  is  ample. — The  Chpniical  Tnidv  Jour- 
nal a  111  Cheuiiral  Kmiincrr,  November  12,  1921. 
page   o89.      (F.W.) 


MKTAl.LIRCiY. 

Pkksent   Day    Ihon   Blast  Furn.ace  Pr.\ctice. 

— The  state  of  practice  is  metallurgical  rather 
than  mec'baiiic-al  :  the  tendency  is  towards  iiro- 
gress  in  the  metallurgic  side,  the  mc^chauical 
side  having  reac-hed  an  advaiu-ed  state.  Metal- 
lurgical progress  is  taking  place  inside  the  fur- 
nace with  the  improvement  of  the  slag  and  the 
rate  of  combustibilitv  of  the  coke.  Outside-  the 
furnace  progress  will  be  along  the  liiic>s  of 
jiroper  ore  mixtures  limestone  and  character  of 
c-oke.  Tiimestoiie  is  more  c-arefnlly  chosen  ;  the 
magnesia  content  of  this,  if  kejjt  below  S"',,,  does 
not  affect  slag  viscosity,  according  to  Field. 
Careful  sizing  of  the  limestone,  and  in  some 
instances  washing,  is  prac-tical.  Opinions  in 
regard  to  the  best  cokes  vary  greatly,  and 
research  is  suggested.  I'ly-prodiict  coke  is  con- 
sidered to  be  generally  satisfactory  and  sus- 
ceptible of  production  to  most  any  specifica- 
tion. 

The  physic-al  dualities  of  the  iioii  ores  are 
beiii"  imp'oved  by  wet  ore  dressing,  bv  roast- 
ing by  iioclulizing.  sintering  and  magnetic  con- 
centration. Sintering  has  especially  found  a 
wide  a|)plication  in  preparing  fines  for  the 
blast  furnac-e.  and  in  some  cases  conducting  a 
roast  for  the  removal  of  sulphur.  —  I^'oG :  H. 
SwKKTKH,  Miiiiiia  anil  M (tall ii npi.  March,  1922, 
page    4M.      (F.W.) 

l)i  sTiNc;  AM)  Volatilization  Lossi-s  pruiNo 
Mi-LTiNc;  CvAMDi:  PnKiiriTATK  AM)  .\iii  Hkfin- 
ixr.  OK  Bullion. — The  authors  have  investigated 
these  losses  on   silver  and  gold   jjrecipitate  at  a 


A  pi.,  hi'22 


yofire^  and  Af'.-<tnu1s — MiiiimJ. 


large  Mexican  mine.  In  large  c-opper  refiner- 
ies silver  losses  have  been  astertained  and  re- 
covery established  by  means  of  electro  static 
precipitation.  With  cyanide  precipitate  accur- 
ate information  has  been  lacking.  Determining 
losses  by  weighing  and  as.saying  precipitates 
has  proved  uncertain  on  account  of  the  dif- 
ficulty in  accurate  sampling  and  assaying  of 
this  rich  material. 

Elaborate  tests  were  c-onducted  by  the  auth- 
ors to  asc-ertain  losses  of  gold  and  silver  in 
melting  precipitates  in  small  reverberatory 
furnaces  for  purposes  of  final  electrolytic 
refining.  Two  methods  were  employed,  viz.. 
application  of  low  pressure  air  nozzled  and 
spread  over  the  surfac-e  of  the  molten  metal 
after  the  slag  had  been  withdrawn,  and  forcing 
high  pressure  air  into  the  bath  of  metal  itselt. 
Both  methods  were  effective,  and  resembled 
cupellation  practic-e  and  c-opper  refining  prac- 
tice   respectively. 

The  determination  of  volatalization  and  dust 
losses  were  elalxjrate  and  included  \he  recovery 
by  filtration  and  ctindeiisation  of  a  measured 
portion  of  the  fume  from  the  stack.  The  point 
of  average  flow  of  fume  was  first  hxated.  The 
loAses  were  found  to  be  small  c«>nsidering  that 
the  precipitate  was  melted  in  reverberatory 
furnaces  without  briqueting.  The  average  loss 
of  silver  was  0.1074'*,..  andof  gold  O.()2"<0\.  for 
I>oreto  mine  precipitate  during  melting.  The 
average  loss  of  silver  is  0.062-')".,.  and  of  gold 
ik  O.iil.Vi".,  for  the  fJiicrrcro  mine  precif»itate 
<]ur\r,z  melting.  During  air  refining  the  avcr- 
-■>     for     this     prcfipitate     of     silver     was 

and    of   gold    O.IKI.V"''.,.      The    final    hiil- 

lion  (I>>reto  mine)  averaged  073. ■>  fine  in  silver, 
an«1  o.Oft  fine  in  gold.  The  (iuerrero  bullion 
was  Homcnhat  lower  in  silver  content. — (i.  H. 
('i.Fvr,N<;FK.  F.  .Mri.ocK  and  W.  H.\rrih.  Minimj 
and  MrfitUuniii,  January,  1922.  page  II. 
(F.W.) 

MiNFPAI.  Con*  KNTRtTION  BY  .\l.TKHNVTF  ("iH- 
RENTH  ;  (.X  I'l'M  IMINAIiY  SxrpY  OK  Ckrt.ki.v 
pMTsirAL     I  -  The    author    descrilM's   cer- 

tain   and    iii"-i    ...it-restiiig   ex|><TinietitH   curried 
out  bv  him  on   the  umc  of  the  alternate  current 
■ic  ••epnration.     The  work  an«l   results 
.ir«'     origiiiHl,    utid    o|>en    a    new    fiehl 
III  ^    of    concfMitration.        \     nunilH-r 

of   •  ir«»ni   tlie   pa|MT   are  <|Uot<-d   here- 

under ,  — 

A  I.    MrdiiLirv    Inniinated     alternate     current 

f\ti  U-havii»  more  or  h'Ks  like  n   jwr- 

T-  •  t    or    a    direct    current    electro- 

prevMited     tci    a     mHHH    of    iron 

'     ■  •  •         *  ;••,    of    ihetM' 

|HileM    and 


■  •r    nii>    t«<J- 

.         i«ni    for   the 

'>n    oi  !h,    on     the    contrary. 

i...  .    ...,....»•  a   (cr« ,|H>iiditure  of  eniTt^v 

and    at    a    lower    |t<i«fr    (actor     for    the    phnIuc- 

I     Kiren    field       Hut    if   we   carry   our 

•  -     a     little     further     we    come     bmohs 

'     thoutcHt   of    firac- 


but    will    do    wi    to    a    |HiHcrliil    dirc<t 
,.;  elertro-maKtiet       It  w  Ki  fully  mngnetic 


that  it  has  only  been  separated  from  its  gangue, 
with  great  difficulty,  by  specially  designed 
powerful  magnetic  separators.  If  we  plunge 
the  poles  of  an  alternate  current  electro-magnet 
into  a  quantity  of  this  material  we  do  not  find 
that  any  of  it  adheres  to  the  poles.  This 
excites  our  suspicion,  so  we  set  the  magnet, 
with  its  poles  upward,  sprinkle  a  little  of  the 
finely-crushed  ore  on  a  glass  disii  over  the 
magnet,  and  find  that  the  haematite  particles 
are  not  attracted,  but  are  actually  expelled 
from  the  poles  in  every  direction.  ()ii  tapping 
the  dish  gently  any  gangue  tiiat  may  ho  i)iesent 
collects  gravitatioiialiy  at  the  hottoni  of  the 
dish,  and  the  heavier  haematite  is  expelled  up 
the    slopes   of   the   disli    away    from    the    poles. 

'"With  some  other  ores  or  materials  of  known 
feeble  magnetic  jiroperties  we  get  similar 
effects." 

The  author  has  concluded  that  the  j)henome- 
non  described  is  due  to  hysteretic  repulsion. 
and  is  not  confined  to  feebly  magnetic  materi- 
als, hut  is  capable  of  acting  on  .strongly  mag- 
netic materials  also  under  suitable  conditions. 
It  also  acts  on  materials  inuneised  in  water. 
even  better,  because  of  the  decreased  force  of 
gravity  to  overcome  due  to  the  Hotative  effect 
of  the  liquid  when  repulsion  of  the  concentrate 
takes  place.  Kxperiments  were  conducted  on  a 
smaller  .scale  with  pulped  ore  flowing  in  a 
launder,  and  it  was  possil)le  to  repell  the 
mineral  to  the  ed';"  of  the  launder,  the  gangue 
travelling  down  the  middle:  and  even  to  repel 
the  concentrate  over  the  sides  of  a  V-shaped 
laund<>r.  the  gangue  travelling  in  the  centre  as 
if    it    were    of    greater    gravity.  Kxperiments 

were  also  carried  out  with  the  .separation  of 
wolframite  from  ca.ssiterite  in  tin  ores;  also 
on  lightly  roasted  chalcojiyrite  ore  on  which  the 
separated  concentrate  accowiited  foi-  S.'l.T  per 
cent.    r)f   the   copjier. 

The  author  is  of  the  opinion  that  onlv  the 
fringe  r)f  the  subject  has  been  touched.—  W.  M. 
Moiti)V,  Trans,  of  Smilli  Afiiinn  Institiitr  of 
Klfitiir    Knijineris.    December.    1021.      (F.W.) 


.MIMNH, 


FiHK  I'kkvkntion  ,\mi  Fk.htim.  in  Mitm. 
.MiXK.K.'  —  There  may  be  some  interest  in  a  slitii  t 
list  of  coiicliiNions  of  a  rather  general  nature 
that  were  reached  in  connection  with  some 
recent  mine-fire  liyhting  operations.  No  ellort 
has  l»een  made  to  covci-  the  lielij  ;  tin"  items 
have-  Imm'ii  jolted  dnwii  loosely,  and  veiv  li!islil> 
in  the  order  in  which  tliey  nciiiiicd  to  the 
writer.  Originality  is  claimed  Im  nnly  a  lew 
of   tliein. 

{\)  Teniperatine  readings  and  anal\KeK  of 
inine-nir  sanipleh.  systematically  taken,  are  in- 
valiiiible  uidN  to  effective  nietnl-tniiie  lire  lighting 
and  re<-«»very  operations  Tin-  analysis  of  the 
return-air  HtimpleH  frequently  gives  a  NUtpiiH- 
mi'  iiiite    indication   ol    conditiiiiis  exiHtilig 

Ule:  uil 

i2}  Kliiployees  iiiiihI  be  t  lionillglily  tiiiiiied  ill 
the  IIM'  of  niiii)'  rescue  II  ppiil  lit  UN.  Ih'ciium*  II 
relatively  flight  dllfeieiio-  m  the  nliiount  of 
'■'•ining  riinknM  a  vumI  dilierence  in   the  aiiioiint 

F'reM-nted  at  the  Mininif  Hectmn  of  the 
.NtitKiiial  NafeU  ('uiiihiI,  MustMii  II. H. A., 
Ml  •ling.    Heptemhei     'i'-M),     llrJI. 
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of  work  thoy  can  peiform  under  oxygen.  In 
general,  blender,  wiiy  men  ninkc  better  appni- 
atus  men  tliaii  tliosc  of  heavy,  more  niiisciilar 
physique,  althoiigli  there  are  t'renneiit  excep- 
tions   to    any    such    <feneial    statement. 

(8)  Surprisingly  high  tem)ieratures,  up  to 
16o°F.  or  170^F.  ean  be  endured  for  short 
jieriods  by  wearers  of  mine  rescue  apparatus 
if  the  air  is  dry.  but  h)wer  tempeia tines.  i;Jo° 
to  140°  F.  are  almost  unbearable  if  the  air 
IS  very  moist. 

(4)  There  is  likely  to  be  an  urgent  need  of 
mine  rescue  ei|uipment  and  thoroughly  trained 
men  familiar  with  the  mine  workings  at  every 
tind)ered  metal   mine. 

(•"))  The  choice  of  fresh-air  bases,  when  |)ei- 
foiining  mine  rescue  work,  is  very  important. 
for  it  mu.st  be  certain  that  the  air  is  not  con- 
taminated by  gases  from  the  fin-.  Tf  natural 
ventilation  is  depended  upon,  the  air  current 
must  be  watched  with  caic  to  see  that  it  does 
not  reverse. 

(6)  The  strictest  discipline  is  necessary  to 
prevent  men  who  are  I'etui-ning  from  the  fire 
zone  from  removing  their  ap])aratus  before  they 
I'each    the    fresh    aii-    base. 

(7)  Mechanical  ventilation  greatly  simplifies 
metal-mine  fire  fighting  operations  and  in- 
creases the  safety  of  the  men  engaged  in  the 
work. 

(8)  The  |)roducts  of  combustion  fiom  a  fire 
diffuse  with  great  facility  through  closely-filled 
ground  for  distances  that  are  surprising.  This 
is  true  even  when  differences  in  atmospjieric 
pressure  are  relatively  slight  between  the  burn- 
ing workings  and  those  that  are  not  affected  by 
flames.  Bidkheads  in  filled  ground  aie  abso- 
lutely useless,  therefore,  for  fire-fighting  pur- 
poses,   as   a    general    rule. 

(9)  It  is  advisable  to  have  bulivlieads  con- 
tinuously and  fretpiently  ])atrolled  even  thousih 
they  have  been  recently  com|)letcd  and  carelnliy 
inspected. 

(10)  If  moist  clay  can  be  secured  in  .«^acks 
(or  dry  clay  sacked  and  moistened)  one  of  the 
ouickest  methods  of  building  a  satisfactoi'y 
bulkhead  in  a  drift  or  cross  cut  is  to  put  up 
a  wall  or  brattice  of  2in.  by  12in.  or  2in.  by 
Gin.  boards  nailed  to  ))osts  or  .stulls  and  fitted 
as  closely  as  jiossible  at  the  ends,  then  to  nail 
two  <u'  more  .'}  by  ."{.  or  4  by  4in.  .striijs  on  tlie 
outside  and  add  another  board  wall,  fastened 
to  the  strijjs,  moist  clay  being  tamped  betwcii 
the  walls  as  the  outside  wall  is  nut  up.  The 
outside  wall  shoidd  be  calked  carefully  with 
clay,  especially  around  tlic  ciige  and  at  the 
top    and    bottfim. 

(11)  When  bulklieading  timber  drifts  or  cross 
cuts,  a  tight  seal  rarely,  if  ever,  can  be  mad(> 
unless  all  lagging  is  cut  and  a  section  removed, 
and  all  loose  rock  and  dirt  taken  down  befort; 
the   Indkhead   is  started. 

(12)  Close  observation  of  both  candle  and 
canary  birds  is  necessary  if  men  working  with- 
out mine  rescue  apparatus  in  the  fire  zone  are 
to  be  sj)ared  the  muisea  and  excruciating  head- 
ache r)f  slight  CO  poisoning.  If  men  working 
hard  are  using  a  bird  to  warn  them  of  carbon 
nionoxide.  the  bird  slnudd  lie  kept  moving 
enougii  to  make  it  ^)ant.  otherwise  it  may  be 
affected   before   the  bird  shows   distress. 

(\'.\)  The  resistance  of  individuals  to  low  per- 
centages of  CO  varies  between  relatively  wide 
iiniit.s.  Frequently    more    robust    individuals 


with  !arg(>  lung  cajiacitics  are  tin-  first  to  suc- 
cund). 

(H)  Timl)t'r  fires  l)urn  ami  s|)reatl  more 
rapitll.\'  tlian  coal  fires  anil  coin'er.sely  die  down 
and  cool  off  more  rajiidly  when  the  air  su))iiiy 
is  checked.  They  are  i>xtremely  decejitive  and 
likely  to  blaze  up  wlu-n  it  is  thought  that  they 
have   been   extinguished. 

(To)  When  the  fresh-air  sni)i)ly  is  restricted, 
an  underground  fire  tends  to  travel  against  the 
air  cuiMent.  even  though  the  current  may  be 
coming  from  b{4ow  ;  if  tlie  air  is  moving  at 
higher  velocities,  so  tiiat  the  sujiply  is  more 
plentiful,  the  fire  may  travel  both  ways.  If 
the  draft  is  (-xtremely  .strong,  the  fire  will 
l)robably    travel    with    it. 

(Iti)  Reliable  means  of  signalling  from  skij) 
or  cage  should  be  maintained  at  all  times 
duiMUg  fire-fighting  operations  in  shaft  mines. 
The  method  of  signalling  becomes  (-xtremely  im- 
])ortant  when  it  is  necessary  to  ride  ski])  or 
cage    in    irresjiirable   atmospheres. 

(17)  'I"he  jiresence  of  carbon  monoxide  in  the 
mine  air  indicates  an  active  fire  (excejit  for 
the  relatively  small  amounts  of  CO  generated  in 
blasting  tiperations).  but  the  absence  of  carbon 
monoxide  is  not  a  positive  indication  that  the 
fire   has   been   extinguished. 

(18)  Finally,  it  is  jiointed  out  that  effective 
f)rganisation  of  fire-fightng  forces  is  of  jiara- 
mount  im|)ortance.  .Men,  etiuipment  and  su])- 
])iies  mean  nothing,  can  accomplish  nothing, 
witiiout  thorough  organisation  and  the  strictest 
discipline.  This  is  regarded  as  the  most  im- 
portant of  all   the  suggestions  and   ob.servations. 

In  connection  with  the  broad  problem  of 
metal-mine  fire  prevention  and  protection,  the 
following  somewhat  general  observations  and 
suggestions    may    be    of    passing    interest:  — 

1.  All  wooden  headframes,  wooden  structures 
and  supi)lies  of  intlainmable  materials  near  anv 
mine  entrance  sliouki  be  removed  or  replaced 
by  fireproof  structures.  If  this  can  not  b(> 
done,  at  least  such  wooilen  structures  should 
be  made  as  nearly  fire])roof  as  ))<)ssible  by  means 
of  gunite  or  some  other  etpially  efficient  method. 
All  i)lanked  floors  around  the  collar  of  the 
.shaft  or  at  the  iiortal  should  be  removed  and 
non-infiamniable    construction    substituted. 

2.  Mine  tind)ers  should  not  be  jiiled  in  the 
immediate  vicinity  of  the  collar  of  the  shaft 
or   at    the    portal   of   an    adit    of   a    tunnel. 

;{.  Proper  storage  of  dynamite  in  fiieproof 
places  is  essential.  Hoxes  of  dynamite  should 
not  be  left  near  the  collar  of  the  shaft  or  at 
the   ])oital   of   an    adit  or   tunnel. 

4.  Removal  of  all  accumulation  of  inflam- 
mable waste  material  and  refuse  from  the  mine 
or  near  the  vicinity  of  the  collar  of  the  shaft 
is   important. 

.").  I'roper  storage  of  gasoline  or  oil  at  an 
adequate  distance  from  the  mine  eiitiance 
should    receive    attention. 

0.  If  undergrotmd  pump  stations  or  hoist 
stations  need  support,  steel  and  concrete,  or  at 
least  gunited  timber  should  be  used. 

7.  All  oily  waste  should  be  removed  promptly 
from  the  vicinity  of  ])umi)  or  hoist  stations 
and  pending  removal  should  be  kept  in  metal 
receptacles     carefully     placed     and     protected. 

X.  Klectrical  a])paratus.  especially  wiring 
and  transformers,  should  l)e  pioperly  installed 
and  carefully  protected.  All  electrical  equip- 
ment   should    l)e   jilaced    in    fire-proof   stations. 
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9.  The  Lnstalling  of  adequate  uudergroiuid 
and  surtac-e  fire-fighting  equipment,  and  the 
organisation  of  fire-fighting  crews  are  worthy 
of  the  most   active  attention. 

10.  Fire  drills  on  the  surface  and  tinder- 
ground  should  be  c-onducted  frequently  and 
thoroughly.  Those  commonly  c-onducted  under- 
ground are  pitifully  inadequate  and  generally 
c-ome  at  such  long  intervals  and  involve  s<> 
few  men  that  they  are  almost  worthless.  How 
many  men  in  the  average  metal  niine^  have 
an  adequate  knowledee  of  the  location  of 
escapeways  and  fire-fighting  equipment!-'  How 
many  receive  intelligible  instruction  in  these 
important  items  with  sufficient  frec|uency  to 
retain    it    with    any    degree    of    accuracy? 

11.  '"Second  exits'"  or  escapeways  are  gener- 
ally intake  airways.  The  best  chance  that  men 
have  when  trapped  in  this  way  is  to  bulkhead 
themselves  in  dead-ends  and  wait  for  lesctie. 
Frequently  splitting  the  air  in  the  ventilating 
current    redui-es    this    danger. 

12.  Ever>-  deep  metal  mine  should  be  ec|uipped 
with  an  efficient  means  of  mechanical  ventila- 
tion by  which  the  air  currents  can  be  reversed 
quickly,  if  nec-»'S.sary :  and  every  such  mine  in 
which  several  levels  are  being  worked  simul- 
tane«»usly  should  have  its  air  circulation 
divided  into  a  number  of  splits. 

13.  Scjme  provision  should  b«-  made  to  give 
danger  signals  or  "all  out"  signals  to  under- 
grciund  men.  Every  metal  mine  should  be 
equipfK*d  to  introduc-e  a  steiu-h  into  the  c-om- 
prc?»»ied  air  lines  in  cases  of  emergeiuy.  and  a 
Hupply  of  the  stench-making  material  should 
he  on  hand  at  all  times.  Such  arrangements 
are  casilv  made  and  are  not  exp>ensive.  yet 
may  be  the  means  of  savine  many  lives,  cspec-i- 
ally    if  all   men   are   wi-ll   drilled    in    their   use. 

14  Crew<»  should  be  organised  for  effec-tive 
between-*hift  inspc-c-tions  of  timbered  workings. 
»haft    stationH.    airways,    pump   stations,   etc. 

\'t.  Proi>er  fire  do<irs  should  be  installed  at 
•itrn»»'ffi»-  (lointH  tc»  avsist  in  the  c-ontrol  of  tlie 
V'  >n. 

•■  introduc-tion  of  miners'  elec-tric  ca|» 
Inn.po.  an<l  forbidding  men  to  carry  matches, 
flamf^ninkiiig  di-vic-es.  or  smoking  materials 
would  h<-  an  imiH>rtnnt  item  in  the  reduction 
of  und'TgroiincI  firt-  hararcJs.  Of  c-ourse.  if  fuse 
is  UM-<1  for  bbiHting.  the  men  who  H|tlit  the 
fii  f   \m>  <>quipp<-<l   witli  •    c»f  flame- 

fi  'Ii-VH-p,  The«u-  may     l»e 

r-  a%    MiiiK-ubnt     ra<li<  <tl     iiom  .     but     tbc-y 

Me.   and   the-   time   uill   c-<iin«-   when   th<-v 
I- '•■if    thcfiightfiil    c-<iiiHideration       M.     M 
Uki.h.is.     Mtninii    inul    .Urt'illurf/y,      FebruaM 

ion.  pagf  vi.    (C.J.c;.) 

V}fftr.uumnfr*it      Finr      l'Mr.vr.KTio>      iiv      ruv 

f      1  rK     MrMHii    Ci  vr»Nv.      Dnriiii' 

tiri)i(;   iM    I'»|T   (Hi    i|t>t>r«''-edeiiled 

l-tiiiliwi       •>)       till'.  '11      the 

Hillte    dl«lri<  I  .  ■•    f.ren 

v«r*  (-aaavfl    by    the    iailure  oi    elM-tric-ai   e«|iiip- 

Fu«       I-' .il    .  that      rntilfibiitcd      U»- 

iiard    »    b«-.t»v  >...r    were;     (|)     Thf*    heavy 

raiitinu'MU    timU-nnu    nrcr^aarv    for    mine    nup- 
f.  '.'       '  '  '    'ing    |>i  ■  r, 

•  ..    C.U 

■^    in    lb<     • 
and     di<  i 
ffitWrj  and  hghting  irirva;  (4)  th«  •troiigiy  m-id 


mine  waters,  which  quickly  developed  any 
weak  points  in  the  electrical  insulation :  (5) 
oxidation  in  old  stopes  containing  large 
amounts  of  timber. 

In  the  summer  of  1917  a  comprehensive  plan 
of  fire  prevention  was  begun  by  the  Anaconda 
Copper  Mininsc  Co.,  comprising  fire-proofing, 
remodelling  and  strengthening  electrical  insula- 
tions, extension  of  underground  water  system, 
c-ontrol  of  ventilation,  maintaining  efficiency  of 
firo-fighting  crews,  and  tlie  i-o-organisation  of 
fire    patrol. 

In  considering  fire-proofing,  some  method  of 
applving  a  durable  coat  of  fire-proof  material 
to  the  mine  timbers  was  needed.  The  first  ex- 
periments were  made  with  a  plaster  c-oinposed 
of  one  part  cement,  one-half  jiart  firechiy,  and 
three  parts  sand,  applied  by  hand  over  herring- 
bone metal  lath.  This  was  too  soft  and  friable 
for  travelling  ways,  where  it  was  subject  to 
abrasion.  The  cement  gun  was  tried  out  with 
a  three  to  one  mixture  of  .sand  and  cement.  A 
i-in..  coating  of  eunite  applied  over  poidtry 
netting  or  metal-lath  reinforcement  pioved  to 
be   dvii-abie   and   fii'e   resisting. 

Preparations  were  made  to  fireproof  the  tiam- 
way  of  Xo.  1  hoisting  shaft.  This  was  a  four- 
c-ompartment  shaft.  2  17")  feet  in  depth;  it 
was  lined  with  framed  shaft  sets  of  12-in.  fir 
timber;  the  sets  were  7ft.  by  18ft.  lOin.  over 
all.  anci  were  spac-cd  oft.  on  <-entres.  The  sets 
were  lagged  with  2in.  pine  plank,  placed 
against  the  rock  «alls.  Tlie  tinihcis  and  lag- 
ging were  covered  with  a  half-inch  coating  of 
c-ement.  a|)plied  with  the  cement  gim  over  27- 
gage  diamond-mesh  metal  lath.  Th(>  fiie- 
proofiiif  o|)eration  was  completed  in  the  fall  of 
KM 7.  Because  of  the  suc-c-ess  of  this  operation 
it  was  dec-idc-d  that  the  twenty-four  mam  hoist- 
ing shafts  operated  by  the  .Anaconda  Company 
in  the  Butte  district,  not  already  so.  sliould  be 
made  downc-ast  shafts  and  siniilarly  fireproofed  ; 
also  that  the  same  treatment  should  be  given 
all  suifac-e  tunnels  c-ariying  steam  air.  and 
electric-   power   from    plant    to   mines. 

Twelve  type  N-l  cement  guns  were  procured 
and  the  wc»rk  pushed  as  fast  as  opei-ating  c-on- 
ditions  wcnild  allow.  One'*  or  more  shafts  at  a 
time  were  withclrawn  from  ore  pi-oduc-tic)n.  re- 
timl)erecl  where  nec-essary,  and  firejiroofed  under 
the  direc-tioii  of  the  mine  fiu'einan.  K.-irh  fore- 
man sele«-ted  ;i  c-rew  from  among  his  shift  bosses 
and  shaftmcn.  h  ho  were  trained  at  one  of  th« 
mines  where  fireprooting  work  was  in  progress. 
The  work  was  carric-d  on  continuously  bv  thice 
•  iulit-hour  shifiH  The  crew  for  each  shift  cou- 
sisted  ol  one  shift  \Hf-H.  six  Khattnien,  who 
nailed  on  the  metal-lath  n-inforc(>ment,  I  wo 
'.'o/.7,|emen  fc»i  the  ceiiienl  gun.  two  runne'-s  f.r 
the  <-emeiit   uun.   Ntalion   tencleis.   topinen.   et  ■ 

Het'iirdiiiL'  the-  details  of  the  giinite  work, 
•uiiiie  t'c-iieral  coneJiisicMis  inny  be  mini>nanN'<d 
I'oultrv  netting  makes  sat  isfiietoi'v  ic-inforce- 
ineiil  for  invering  witoden  surface  struc-tiireN  of 
I'oiit  inuoiiM  plane  Hurfaces.  nucIi  aH  Iniildinus 
ancI  ore  biii«i;  expandecl-nietal  lathing  iw  to  Im« 
preferrecj  where  iniicli  fitting  in  n<*ceMHnry,  n«i 
on  iinclergrciiincl  timbeiing.  A  t/iinite  i-overing 
half   nil   inch   to  three-c|unrt(>rit  of  an   inch   thick 

ten    kuifaceh    m   Hudicieiit    for    (iii'iiioolini/ 

The   kancl   ^houlci   Im<  clean   anil   Nhoiild 
Im    '  ibroiigh  a  M-reeii  lour  or  five  menhei 

l«>    '  If    the   mind    in    very   cjry,    it   cIoch 

not    mix    well    with    tho    cement  ;    0    to    Hi    per 
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tent,  moisture  is  best.  ^loisturc  in  exc-es-s  of 
lo  per  cent,  is  liable  to  block  the  material 
hose.  A  mixture  of  three  part.s  of  sand  to  one 
of  cement   is  best. 

The  tramway  shaft  has  had  three  and  a  half 
yeai's'  continuous  service  in  ore  production  since 
the  fireproofintr  work  was  com|)l(>tcd.  A  recent 
inspection  of  the  shaft  siiowed  tliat  the  timhcMs 
from  the  .surface  to  the  l.GOOft.  level  were  92.-") 
per  cent,  covered  with  iiunite  ;  from  the  l.fiOOft. 
to  the  2.80()ft.  level  the  timbers  were  So  per 
cent,  covered  with  {iunite.  The  deprec-iation  of 
the  }.Minite  is  due  to  falling  rock  from  over- 
loaded skips — E.  ^r.  NoHHiS.  Mlnittu  mid  Mpt(d- 
hir:i!l.   February.    1022.   paj?e  :?7.      (C"..F.(i.) 

Stoi'k  C'o.st  lUxoiius  AM)  Mink  Co.\th.\cts  of 
TiiK  Anaconda  Coti-ku  Mininc;  Comi'any. — Before 
the  present  company  was  formed,  in  1916,  each 
fjroup  of  mines  comprisino;  the  o'd  orjianisations 
made  its  detailed  daily  and  nu)nthly  mine  cost 
records  alont:  the  lines  used  before  the  consoli- 
dation ;  that  is.  there  was  no  attempt  made  to 
standaidise  and  compare  the  stope  costs  of  all 
mines.  The  }i;encral  (-)st  slieets  for  all  mines, 
however,  were  standardised,  and  cunudative 
labour  cost  sheets  were  comp-lcd  in  the  <!;eiier,al 
superintendent's   office. 

l'i-ol)ably  9.5  per  cent,  of  the  .stopes  were 
square-set  worked  by  day's  pay;  there  were 
SOUK'  back-fillinii  and  shrinkage  sto])es.  ^fany 
of  the  d('ve!o|)ment  i)laces,  such  as  shaft  sinkin";, 
station  cuttinir.  driftiufi  a'>d  raises  hail  ahvavs 
been  run  by  contract.  These  contracts  were 
fiven,  for  no  definite  period,  at  so  much  p<>r 
linear  foot  and  were  measuretl  monthly,  or  when 
completed,  the  men  beinif  paid  monthly.  In 
some  cases,  fairness  to  the  employee  was  not 
maintained.  On  the  whole,  there  was  no 
standardisation.  There  wcie  no  stope  contracts 
because  of  the  obiections  of  the  Western  Federa- 
tion of  Miners  to  general  coutractinji;  in  the 
mines. 

Farlv  in  1916  W.  U.  0  dv.  then  (Jeneral 
Sui)erintendent,  and  llic  autlioi-.  then  Assistant 
(Jeneral  Su|KMintendent .  visited  the  south-we.st 
niinin<i  districts  with  the  object  of  finding  some 
improved  method.  On  account  of  local  condi- 
tions on  the  surface,  as  well  as  underjiround,  the 
fact  was  kept  in  mind  that  no  new  method 
would   be   acc(>ptable   that   would   cause:  — 

(1)  A  settliuLT  of  the  siirface  or  any  under- 
firound  workini/s  <>r  shafts  then  in  u^c.  or  that 
would    be    used    in     tlu>    future. 

(2)  .\    lowerimj;   of    the    (zrade   of    the   ore. 

(M)  A  violation  of  the  rules  of  the  Safety  First 
1)ei)artment. 

The  result  of  this  trip  was  the  adoption  of 
the    follow  inir    methods:  — 

<\)  The  cut  and  fill,  or  rill  .svsteiu.  in  all 
veins  where  the  ore  and  walls  are  fairly  hard, 
wh(ther    the    ore    must    be    sortecl    or    not. 

(2)  The  tindtcred  rill,  where  the  ore  ;ind  walls 
ai-e  not  hard,  whethei  the  ore  mu^t  be  ^oitcd 
or   not. 

(3)  The  use  of  chtites  everv  fifth  .set  in  square- 
set  stottes  and  th(>  more  {reneral  use  of  slides 
to   chutes. 

(H  The  keepiufi  of  ilaily  cumulative  detailed 
costs  for  each  stope  that  the  foreman  may 
check   the  efficiency   of   his   men. 

(o)  The  employment  at  each  mine  of  nu-n 
having    a    thorough    knowledge    of    underground 


bv 
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miniug  and  accounting  to  maintain  a  system  of 
detailed  costs. 

In  connection  with  these  new  methods,  it 
was  our  desire  to  provide  for  obtaining,  record- 
ing and  using  the   following   information:  — 

(1)  The  comiiarative  efficiency  of  different 
stoping    methods. 

(2)  The    comjiarat iv(^    cost    of    iaboui 
ferent    stoping    methods. 

(1^)   The   compaiative   cost   of   sup])" 
ferent    stoping   methods. 

(4)  Total   saving  by  new   methods  over  o'd. 

(5)  Efficiency,  labour  and  supply  costs  of  each 
stope  in  each  mine  and  the  separate  details  of 
these  costs, 

(6)  Periodical   cumulative   costs  of   all   stopes, 

(7)  A  record  of  all  mines  slo|)e  costs  for  each 
foreman    and    supiMintendent. 

Each  mine,  at  the  end  of  the  month,  has  a 
com])leted  stoiie  cost  record  which  is  sent  to  the 
office  of  the  General  Superintendent,  where  the 
gen(>ral  stope  cost  lecord  for  all  mines  is  made 
u]).  This  sheet  is  almost  a  duiilication  of  the 
mine  stope  cost  lecord.  It  is  made  on  tracing 
cloth,  blue  jirinted,  and  sent  to  each  foreman 
and  a.ssistant  Superintentlent.  Powder,  caps 
and  fuse  are  cond)ined  under  <>xplosives  and 
net  savings  of  the  otluM'  methods  over  s(|Uare- 
set  stoping  are  shown.  This  svsteni,  and  th(> 
methods  of  obtaining  the  information,  have 
been  used  five  years  and  have  recpiired  no 
changes. 

The  custom  of  contracting  on  sills  in  shafts. 
raises  and  stations  still  is  carried  on  ;  repair 
work,  stoping,  trammimj:  anil  all  other  work 
had  always  been  by  ilay's  i)ay.  Stoi)e  contract- 
iuL',  though  was  not  ])ractised  until  .\pril.  1919. 
This  .system  was  gradually  installed  until,  by 
July  1st,  1919,  it  was  an  actual  working  success 
in  all  stojies  at  all  mines.  Work  in  all  stopes, 
raises,  drifts,  crosscuts,  shafts  anil  winzes  is 
now  dime  by  contract  on  a  cubic  foot  hasis,  the 
price  ])er  cubic  foot  being  regulated  according 
to  conditions,  such  as  the  hardness  of  the  oi'e 
or  waste,  the  width  of  the  ore,  the  method  of 
stoping,  accessibility,  tempeiature  and  hu- 
midity. 

The  contracts  are  made  for  one  week,  at  a 
set  ))rice  but  may  be  terminated  after  one  day 
by  either  the  foreman  or  the  ontractnrs.  The 
men  are  iu)tified  of  the  price  on  Thur.sday 
nu)i'ning.  which  is  the  beginning  of  each  con- 
tract week.  No  change  in  the  rate  per  foot  is 
permitted  during  the  life  of  the  contract,  but 
adjustments  are  made  in  s|)ecial  leases,  which 
must  be  noted  by  both  the  eui'ineer  and  the 
foreman.      'i'he    geneial    benefits    derived    are:  — 

1.  The  cost  per  tmi  of  ore  is  less  by  contract. 
The  men  who  are  willinL'  to  work  are  given 
.some  individuality  and  th'  cDnsei'vat  ive  m-'u 
a.i'e  inclined  to  break  away  fioni  the  l.W.W. 
theory  of  doing  as  little  rs  jiossihle  in  order 
to   get   by. 

(2)  The  stope  cost  recoid  and  lontract  system 
have  given  a  more  accurate  check  on  the  cost 
of  underground  operations  than  any  method  we 
have    used. 

C^)  Hy  subtracting  the  ore  tally  from  the 
engineeis'  conti'act  measui'cimuits,  a  direct 
check  on  waste  broken  or  tons  of  rock  brokiui 
to  obtain  a  ton  of  ore  vi  each  stojje  is  oh- 
taineil. 


Apl.,  1922 


Xotices   and   Abstracts — ilisiellaneous. 


203 


(4)  Measurement  is  allowed  between  the 
walls  only,  except  where  the  wall  is  removed 
for  timber.  It  is.  therefore,  to  the  best  in- 
terests of  the  men  not  to  break  the  walls,  and 
the  ore  is  kept  cleaner  and  the  average  grade 
increased. 

<o)  By  taking  the  difference  between  the  total 
labour  cost  of  a  stope  on  the  stope  cost  record 
and  the  total  contract  money,  the  direct  per- 
centage of  contracting  in  each  stope  or  at  each 
mine  is  obtained.  Over  PO  per  cent,  of  the 
stope  shifts  are  contract  sh'fts.  Any  compara- 
tive cost  data  desired  may  b?  obtained  directly 
from  these  records. 

(6)  The  contract  system  tends  to  keep  the 
foremen  and  all  bos.ses  in  closer  touch  with  the 
men  and  creates  better  supervision.  When  con- 
tracts are  given  the  list  is  posted  at  the  mine 
showing  price  per  foot  ami.  when  fi;  ished.  lull 
information  of  the  results  is  posted,  showing: 
contract  number,  working  place,  price  per  foot, 
total  shifts,  total  money,  and  rate  earned. 
Ever>'  man  at  the  mine  is  paid  weekly,  which 
-  for  a  great  part  of  the  successful 
<>i  I   of  contracts. 

It  IS  understood  at  all  mines  that  any  con- 
tractor is  free  to  interview  the  fort  man  of  the 
mine  and,  if  a  sati<^factory  adjustment  of  his 
complaint  is  not  made,  he  may  take  his  case 
to  tne  company  labour  (ommi-sioner.  The  case 
is  then  brought  to  the  General  Superintendent. 
During  the  perirxJ  of  general  (Oiitracting  fr.)m 
April.  1919.  to  date,  over  6f).<l(K(  contracts  have 
been  let.  but  only  six  have  been  brought  to 
th<'  Cieneral  Superintendent  for  adjustment. 
This  record  is  sufficient  evidence  that  the 
methcMl    in  a    proper  one.   and   can   only   be   at- 


tained    by     the    most    careful    superintendence 

anc 

I? 


uper 
and  absolute   fairness  to  the  employees. — C.   Tj. 


'.r     r./f    and    Metnlliirrni,     February, 
1    -.  :  V,.     (('..If;.) 

SiiAKT    .Si.vKiNc    BT    C'aihson. — An    intere-tinp 

a'    •    of  fthaft  Kinking  methods  at  an   Ameri- 

<  ■■rv    in   ifiven    in    Cotil     *«;^    bv    .Mnhonse 

¥  li  'j^KV.  So  »n  after  the  cb-cision  had  been 
r«'a' h«-'l  to  conru-*-*  ibe  l,<i(;nim  Ferry  Mine 
with     the    centr  mii    «  f    th«»    West 

Penn.     Power    '  ••    the    Allegh<iiy 

River  at   S(ii  active  coiistruc-tion   U-gaii. 

In    the    kunu..    .  Uf2H    work    wan    Kturted    on 

the  linking  of  the  hoiHtint;  tihaft  at  a  (Miint  a 
little  north  of  the  r-<Mitral  station.  The  umial 
method  of  excavatinc  nhafjH  wan  adopted,  but 
it  '  ■  '       •■   liiethiMis 

tr  i)\    Hat<-r 

t'  i.      1  b«-   •  i-  >!    tilt-   surface  at 

tf  •<■    I-    Til    ••  .<•   M-n    li'Vi'l.    and 

th<-  •  '    (MMil   hi-ight   are  7W 

tfl   .  ,       .-.<ly.      It    wax   Jjelievcd 

that      the      heiit     ifiiirM'     to     piiritiic    in    »iiiking 
through    the    liKHM-    material    woulc]    he   to   drive 
abe«'t      |iile«i     nroiind      the     exi-nvntion.  Kittle 

trouble  '  '    ift 

\rr   thi»    '  w 

ti  .    lM<«ti  lino 

!>  »ere    ■  ■    c<»|m« 

%  rn|ii<l    iiiHiix    ol    Mnt<T        I  more, 

Ik  u.f     'if     i.i!i  .1     ii.i<J     b«><(iriii  I.     for 

t '  in  at  t'  to  ulrike 

»-  i..  ......  •»        '  at   hand 

t>  rnatic  or  (I  'I   wan  re. 

•   !    .Ill    liv    the 
t  ifl    had    lieen 

«iink    Ut  •»  <Uptb  «>t  .).(  (<.4l  l*>    lb«-   piling  meihfMl 


the  caisson  plan  had  to  be  modified  to  meet 
the  conditions  encountered.  The  first  step  was 
to  refill  five  feet  of  the  excavation  so  as  to  raise 
the  bottom  from  the  point  wheie  ininipiniic  was 
found  inadequate  to  an  elevation  at  which  all 
the  water  entering  could  be  voided.  The  pum]) 
installation  was  kept  intact,  temporarily.  The 
cutting  edge  of  the  caisson  was  placed  at  the 
level  attained  by  backfilling,  and  oval  walls  were 
built  up.  the  pile  braces  were  removed  and  the 
intervening  space  filled.  Fpon  passing  the 
ground  level  with  the  lining  wall  constnutiou 
the  caisson  method  proper  was  followed,  tliis 
procedure  being  niaiiitained  until  bedrock  was 
reached.  In  this  woik  the  Moraii  ty])e  of 
air  lock  was  employed  under  an  average  air 
pressure  of  2.S11).  Tlie  lining  was  sunk  through 
loft,  of  seamy  rock  to  a  solid  footing.  Hpre 
it  was  sealed  to  the  .solid  with  concrete,  which 
was  kept  under  air  pressure  for  a  period  of 
three  days,  after  which  the  air  lock,  shafting 
and  deck  were  removed.  The  water  was  com- 
pletely sealed  from  the  shaft  as  far  as  bed- 
rock. The  rest  of  the  shaft  below  this  point 
was  then  completed  by  the  owners,  its  total 
depth  being  162  feet.  No  jjipes  or  other 
oi)structions  of  any  kind  are  to  be  found 
in  this  compaitment.  and  a  safe  travel- 
ling way  for  men  is  thus  provided  again.st 
the  time  of  need. — Alphonsk  F.  Huoskv.  Tin- 
I'lillii-ifi  (iiKinlian.  originally  in  Coul  .\(i<\ 
.January  27.    1922.    page  217.    (.I.C). 

( <)Hni(;KNor.M.  The  Preservative  Treatment  of 
Mine  Timber.  l*age  17.").  the  tenth  paragraph 
sjiould  read  "Copper  sulphate  is  suitable  under- 
ground, but   not   where  watirs  are  rich   in   iron." 

MI.SCKLLANKOrS 

J*I..\NT    OK    TIIK     MoZ.VMIIIyrK     I'oKTI.ANI)    CkMKNT 

Co..  Ltu..  at  LoiKKNco  .MvitQiKs.  The  Port- 
land cement  factory  of  th«'  .Muzanil)i(|ue  Cement 
Co.  will  h:ive  an  output  of  7n(i  tons  of  Portland 
cement    per    week. 

The  method  of  tnaniifacture  is  upon  the  wet 
pro«<vs.  The  raw  materials  are  brought  to  the 
factory  by  barge,  where  they  will  be  unloaded 
upon   a  jetty   and   transferred    to   the   factory. 

The  limestone  if  fed  to  jaw  crushers.  l.(MM)  nun. 
by  .VHI  iiim,.  alter  « liich  it  passes  thiough 
crushing  rolls.  This  reduces  tin-  liniesttnie  to 
approximately  walnut  size.  It  is  then  elevated 
into  a  hopper  over  a  compound  ball  and  tube 
null.  II  inetres  long  and  j.M  metres  in  diame- 
ter. The  clay,  when  delivered  to  the  factory. 
in  (irht  dealt  with  in  a  wash-mill,  afti-r  which 
It  IH  piiiiipeii  into  the  (oinpouiMl  ball  and  tube 
mill  iin<l  ground  with  the  limestone.  Water 
IS  iiiiiMijiieed  into  the  grinding  null,  and  the 
'  e    and    cliiy    are    ground    together    in    the 

it«'  (alMiiit  I'l  per  cent,  of  water)  to  a 
utM  of  about  In  pi-r  cent,  on  |H(|.iiiesh 
-.1.  ,1'. 

The    "dhirry."    an    it    is    termed .    (oniinij   from 

tile    compound    ball    and    tube    mill    is    eh-vated 

into  one  ot   three  tinxeni.   where  It    Is  thoioughlv 

inix<-<l   and   proportioned.      One   mixer   ih  of  niiI- 

ricieiil    capaittv   to  enable   the   kiln    to   run   over 

ihe    week-4.|ir|     without     re-filliiig        The    nliirry 

•'«iis|Kirl     and     agiliition     in    carrieil    out     in    a 

Oil     manner         Hitherto,     uluriy     has     Immui 

I    bv    plunger   or  cenlnfiigiil    pumps,    mid 

I     iiie<  liiinicHlly        In    this    fariory,    how- 

I'Vti,    i<unplet4>ly    new    methodit    are    introduced, 
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and  the  .slurry  is  elevated  hy  means  of  pressors 
and  is  aj^itated  in  the  taidv  by  means  of  blasts 
of  comjiressed  air.  When  fonnd  to  be  of  cor- 
rect proportions  for  caiciniuo;.  the  mixin<i  tank 
is  sealed  and  is  used  for  tho  supply  of  the 
is  pumped  into  a  small  tank  over  the 
ol  the  rotary  kiln  and  i^ravitates  into 
The  kiln  itself  is  56  metres  long,  and 
2.H()(l  mm.  in  diametei-.  The  plates 
in  the  fii-inji  zone  are  ajjproximatcly  Tin.  in 
thickness,  and  the  kiln  is  furuislied  with  four 
cast-steel  rollers  and  a  cast-iron  rim  for  the 
drive.  'I'he  cooler  is  attached  to  the  kiln  in 
prolont^ation.  This    attachment     jiermits    of 

.several  advantages,  notably,  only  one  motor 
to  drive,  instead  of  two  where  the  cooler  is 
separate;  much  lower  foundations;  absence  of 
stalls,  gangways,  etc..  and  i)cifect  accessibility 
and  easy  attendance.  FurtluMinore.  no  mov- 
able kiln  head  is  reciuired;  and  a  considerable 
saving  through  the  utilisation  of  heat  radiated 
from  the  material  passing  through  th(>  cooling 
section    is   effected . 

Coal  is  snpi)lied  to  the  kiln  in  the  following 
manner :  ^\  hen  d(>liveied  to  the  factory,  by 
trucks  run  in  on  the  company's  siding,  the 
coal  is  fiist  c-rushed  and  thoroughly  dried  in  a 
rotary  drier.  ]t  is  then  ])assetl  through 
a  small  compound  ball  and  tube  mill.  8 
metres  in  length  and  1.1  metres  in  iliameter. 
it  is  then  elevated  into  a  storage  hopper,  from 
which  it  is  wormed  into  the  coal  feed  pipe 
thiough  which  a  continuous  blast  of  air  jiasscs 
by  means  ot  a  iiigh-pressure  fan.  'I'he  clinker 
coming  from  the  cooler  is  taken  on  a  shaker 
conveyor  to  the  boot  of  an  elevator,  which  ele- 
vates on    to   another  conveyor    lunuing  over   the 
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1 
0.0042 
0.0542 
0.1042 
0.15  12 
0.2012 
0.2542 
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0.4542 
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0.858:i 
0.908:1 
0.9.58:1 
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0.2625 
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0.4125 
0.4625 
0.5125 
0.5625 
0.6125 
0.6625 
0.7125 
0.7625 
0.8125 
0.8625 
0.9125 
0.9625 


4 
0.0166 
0.0666 
0.1166 
0.1666 
0.2166 
0.2666 
0.;1166 
(I.:i666 
0.4166 
0.4666 
0.5166 
0.5()66 
0.()1()6 
0.6666 
0.7166 
0.7666 
0.8166 
0.8666 
0.9166 
0.9666 


0.0208 
0.0708 
0.1208 
0.1708 
0.2208 
0.2708 
0.:i208 
{).:1708 
0.4208 
0.4708 
0.5208 
0.5708 
0.6208 
0.6708 
0.7208 
0.77()S 
0.8208 
0.8708 
0.9208 
0.97(t8 


and  elevated  into  the  cement  store,  where 
automatic  sack-packing  machines  have  been 
provided. — South  African  Enqince riiKi .  Febru- 
ary,   1922.   page   27.      (A.K.) 

Dkcim.m.ising  8t.ani).\ri)  Mk.asurf.s. — Although 
our  present  sy.stems  of  weights  and  measures 
and  monetary  divisions  have  certain  disad- 
vantages comi)ared  with  the  decimal  sy.stem. 
a  compromise  may  be  reached  with  the  aid  of 
simple  tables,  whicii  enahU>  shillings  and  pence 
to  be  converted  instantly  into  decimals  of  a 
pound  sterling,  and  cwts.  qrs.  and  lbs.  as  easily 
and  quickly  into  decimals  of  a  ton.  Once 
having  resolved  these  complicated  proportions 
into  decinmls  of  the  largest  uit.  many  of  the 
advantages  of  the  meti'ic  system  can  be  en- 
joyed. 

A  brief  inspection  of  Tabic  I.  shows  its  sim- 
plicity; it  is  as  ea.sy  to  read  as  an  ordinary 
table  of  logarithms,  and  after  very  little  jirac- 
tice  any  intelligent  stoi-ekeejier  will  be  able  to 
use    it    with    facility.  The    shillings    column, 

marked  S.  is  on  th(>  extreme  left,  and  is  i-ead 
vertically  from  0  to  20.  The  pence  solumn  runs 
horizontally  along  the  toj).  ami  reads  from  0 
to  11.  Th(>  other  figures  are  the  decimils  of 
£1  corresijonding  to  any  number  of  shillings 
and  pence.  To  express  any  sum  given  in 
siiillings  and  pence,  as  a  decimal  of  £1,  it  is 
only  neces.sary  to  look  tlown  the  S  column  foi' 
the  number  of  shillings,  aiul  then  follow  the 
horizontal  line  to  the  recpiired  iiumbei'  of  pence 
in  the  pence  column.  Thus  to  express  13s.  6d. 
as  the  decimal  of  £1,  find  i:i  in  the  shillings 
column,  follow  the  horizontal  line  as  far  as 
(>  in  the  pence  column,  and  read  off  0.6750,  the 
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0.0250 
0.0750 
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0.:i250 
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o.o;i;i3 
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o.2.3;}3 
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o,;k{3 
o.4;}:i3 
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o.53:i;i 
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0.().3:13 
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o.88:{;$ 
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9 

0.0375 
0.0875 
0.1375 
0.1875 
0.2375 
0.2875 
0.:1375 
0.:1875 
0.4375 
0.4875 
0.5375 
0.5875 
0.6375 
0.()875 
0.7:175 
0.7875 
0.8375 
0.8875 
0.9375 
0.9875 


10 

0.0417 
0.0917 
0.1417 
0.1917 
0.2417 
0.2917 
0.3417 
0.:1917 
0.4417 
0.4917 


11 

0.0458 
0.0958 
0.1458 
0.1958 
0.2458 
0.2958 
0.3458 
0.3958 
0.4458 
0.4958 


0.5417  0.5458 


0.5917 
0.6417 
0.6917 
0.7417 
0.7917 
0.8417 
0.8917 
0.9417 
0.9917 


0.5958 
0.6458 
0.6958 
0.7458 
0.7958 
0.8458 
0.8958 
0.9458 
0.9958 


whole  length  of  the  clinker  store.  Suflicient 
stfU'age  has  been  allowed  for  four  weeks"  out- 
put at  the  rate  of  1.400  tons  per  week  (the 
factory  is  so  designed  as  to  jici'mit  of  du|)lication 
in  the  near  future).  The  clinker  is  reclaimed 
bv  a  conveyor  running  underneath  the  clinker 
store  house,  and  after  the  gypsiim  has  been 
added  is  elevated  over  a  compound  ball  and 
tube  mill  for  clinker  grinding.  The  cement 
i.s  ground  to  a  fineness  of  8-10  per 
(eut.      on      180-mosh      sieve,      and      is      woimed 


re  |uired  decimal.  Again.  17s.  9d.  will  be  foufTd 
to  be  0.8875;  that  is,  along  the  line  17  in  the 
shillings  column  and  under  9  in  the  pence  line 
the  figure  0.8875  will  be  founil.  The  pounds 
are,  of  course,  untouched,  so  that  a  sum  of 
£52  lis.  8d.  will  api)ear  as  £52.58:13.  a  figure 
easily  dealt  with  by  the  slide-r>de ;  or,  if 
extreme  accuracy  is  required,  a  table  of  five- 
figure  logarithms. — H.  Wii.mamson,  The  Iron 
and  Coiil  Triiilpx  lievicir.  K(4iruarv  24,  1922, 
page  275.  (.I.A.W.) 
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Proceedings 


AT 


Ordinary  General  Meeting, 
20th   May,  1922. 


The  Ordinary  General  Meeting  of  the 
Society  was  held  in  the  Assembly  Hall, 
Scientific  and  Technical  Club,  100,  Fox 
Street,  Johannesburg,  on  Saturday,  the  20th 
May,  1922,  at  8  p.m.,  Mr.  F.  Wkrtenweiler 
(President)  in  the  chair.  There  were  also 
present :  — 

28  Members:  Messrs.  C.  J.  Gray,  Prof. 
G.  A.  Watermeyer,  F.  \V.  Watson,  H.  R. 
Adam,  J.  Chilton,  A.  King,  Dr.  A.  J. 
Orenstein,  J.  E.  Thomas,  John  Watson, 
H.  A.  White.  J.  A.  Woodburn  (Member  of 
Council),  II.  I).  Bell,  Dr.  W.  A.  Caldecott, 
R.  A.  Cooper,  G.  Cottrell,  J.  M  Dixon,  J. 
n       'on,      E.  Homersham,      H.      Rose 

,  C.  A.  Meiklejohn.  Lieut. -Colonel  E. 
Pam,  F.  N.  Phillips.  T.  Proberts.  J.  J.  R 
Smythe,  J.  Symons.  J.  M.  Thorburn,  J.  T 
Trigg.s,   and    il.    R.    S.    Wilkes. 

4  Associates:  Messrs.  O.  A.  Gerber,  G.  li. 
Gordon,  H.  Husden  and  W.  Russfll. 

6  Visitoni  and  II.  A.  G.  Jeffreys  (Secre- 
tary). 

MI.SLTE8. 

The  President  said  that,  owing  to  the 
April  ji.«»iii.g  leaving  been  dclav»'d  for  one 
w»M;k  on  account  of  the  Kanti-r  iloiidayM,  it 
ha/J  not  \H)fn  pomibl««  to  have  the  Jnurtinl 
J,  I  '  1  ,.,|  j„  fiuift  f„|.  roiifirmalion  of  lh«' 
of  the  April  meeting  Theri'fore  it 
wan  iiec««fary  to  po«l|>one  their  confirmation 
until   Ihe  neit  meeting. 

MOMiMATioM  roB  orrtceRS. 
^f♦•ffJ^e^»  were  reminde<l  that  nominations 

th«  2tth  of   the   month 


SCRUTINEERS   FOR   ANNUAL   BALLOT. 

Messrs.  S.  Newton.  A.  Thomas,  P.  T. 
Mcrrisby  and  J.  M.  Dixon  were  nominated 
and  elected  scrutineers  for  the  annual  ballot 
for  Officers  of  the  Society  in  June. 

NEW   MEMBERS. 

A  ballot  was  taken  for  the  election  of  new 
members,  and  the  following  were  declared 
unanimously  elected:  — 

Harding,  E.  G.,  Government  Gold  Mining 
Areas  (Modderfontein)  Cons.,  Ltd., 
Brakpan  :    Surveyor. 

Hynd,  John,  P.O.  Box  4,  Bulawayo :  Con- 
sulting  Mechanical   Engineer. 

Tavener,  P.  S.,  P.O.  Koosfontein,  near 
Bloemhof:   Metallurgist. 

The  Secretary  announced  (hat  the  fol- 
lowing geiilleiiieu  had  been  admitted  by  the 
Council  as  Associates:  — 

Gilbertson,     Stuart     K.,     Village     Deep, 

Ltd.,  JohaiHusburg  :   Hedudion  Worker. 
Letiibridge,     F.     W.,     Village    Deej)    Ltd., 

Johannesburg:    Reduction   Worker. 
^^oRGAN,   A.    S.,   Blinman's   HuiUlings,    KlolT 

Street,  Johannesburg:    Dental  Surgeon. 
Weil,  Julius,  c/o  Messrs.   Lewis  «fe  Marks, 

Johannesburg:    Director  of  Companies. 


KXMlIU'riON     AM)     DKMoN.^'I'H.XTK  i\ 

OF  i)i;\i(i:.^  OK  ruAcricM. 

ADVANTACK. 


AI'l-AKAII  •<       ANH       MKlHiiK       Knit      ,'« I  AM'A  Itl'l/I  N', 

w'ii:K<  (V  \Miii.  soi.iriON, 

Mr.  W.  D.  Dodds  :  Tli.-  uccompaiiyiii^,' 
fkelrli  sliowH  tin-  iiiflliofi  used  at  the  CiJy 
Deep  in  HlHiidHrdizing  llicir  works  cyiinide 
-oliition. 

The  diitftolving  box  is  filled  iij)  to  llip 
height  of  ftoliition  rpf|uired  from  branch  con- 
'  •    '  from    delivery    pip*"    '>»id    an    Hir.iunt 

'  idc  c'pial  to  tjlba.  per  in<'|i  of  i-olulioii 

is  put  on  the  screen   and  diMMnlvcd         Any 
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suitable  poundage  can  of  course  be  added, 
but  it  is  preferable  to  keep  to  a  constant 
to  avoid  errors. 

When  stajtiuCT  to  piunp  on  to  sand  tanks, 
in  order  to  keep  the  pipe  from  the  funnel 
full  and  avoid  losing  the  suction,  the  branch 
connection  from  the  pump  delivery  is  opened 
to  the  funnel  in  conjunction  with  the  regu- 
lated feed  from  the  standardizing  tank.  It 
is  quite  a  simple  matter  for  shiftmen  when 
they  know  the  volume  of  solution  pumped 
])er   minute,    to    regulate   the   make-u])    feeu. 


A  series  of  tests  are  taken  from  time  to  time 
a(  the  ptimp  delivery  of  the  solution  going 
on  the  sajuls  tanks,  and  the  variation  in 
strength  lias  been  found  negligible,  beins^ 
not  more  than  005  at  any  time  during  the 
period  of  saturating  a   sand  charge. 

The  s\iction  and  deliveries  of  the  pumps 
are  arranged  so  that  this  method  of  standar- 
dizing can  be  used  for  either  sand  or  slime 
treatment. 

T  think  the  arrangement  is  a  distinct 
advantage  over  the  n'ethod  used  on  many 
miners  of  making  up  large  volnni'^s  of  solu- 
I  ion  in  a  t^uni)i,  as  liN-didlvsi;-  due  tf)  circula- 
tion Slid  agitation  of  considerable  quantities 
of  strong  solution   are  avoided. 


The  President  thought  it  was  an  op- 
portune time  to  bring  this  subject  again 
before  the  members  of  the  Society,  in  view 
of  the  fact  that  dissolving  tanks  for  cyanide 
might  assume  greater  importance  in  the 
future.  lie  referred  to  experiments  which 
were  about  to  take  place  on  one  of  the  mines 
in  the  use  of  a  low-grade  cyanide  in  which 
there  was  a  considerable  amount  of  inert 
matter. 

Thev  had  with  them  that  evening  Mr. 
Buch,  who,  as  a  technician,  had  experience 
in  the  manufacture  of  cyanide.  Perhaps  Mr. 
Buch  would  like  to  give  them  some  idea  as 
to  how  low-grade  cvanide  was  manufactured. 
It  gave  him  great  pleasure  to  introduce  to 
them  Mr.    Buch. 

Mr.  N.  W.  Buch  expressed  his  pleasure 
at  having  the  o])))ort unity  of  attending  the 
gathering  of  the  Society  and  meeting  the 
members  present,  lie  believed  a  brief  des- 
cription of  the  new  cyanide  and  the  method 
used  in  manufacturing  would  probably  be 
of  interest  to  the  members,  as  it  has  not 
been  used  heretofore  on  the  Rand. 

Standard  text-books  gavei  the  reactions 
involved  in  the  manufacturing  process,  but 
the  complete  commercial  development  of  the 
process  was  not  accomplished  until  early  in 
1919.  Attempts  to  manufacture  this  type 
of  cvanide  had  been  made  during  the  past 
twenty  years  without  success.  The  manu- 
facture was  undertaken  during  the  war  for 
])urpose  of  supplying  cyanide  owing  to  a 
shortage  of  this  material  existing  in 
America.  A  low-grade  cyanide  was  manu- 
factured which  was  used  with  satisfactory 
results.  The  greater  part  of  the  require- 
ment of  the  mining  and  citrus  industries  of 
America  was  to-day  being  su]iy)licd  in  the 
form  of  cyanimid  cyaiiide.  Recently  the  case 
hardening  and  the  electroplating  industries 
had  also  taken  up  the  use  of  this  material 
in    specially    prepared    form. 

The  cvanide  under  discussion  was  manu- 
factured from  cyanamid,  which  was  a  nitro- 
genous fertiliser  used  as  a  substitute  for 
nitrate  of  soda  and  sulphate  of  ammonia. 

C'yanamid  was  manufactured  by  first 
fusing  coke  and  lime  in  electric  furnaces  of 
ap|)roximately  15,000  h.p.,  the  product 
being  calcium  carbide.  This  was  pulverised  to 
about  100  mesh,  using  tube  mills,  grinding 
being  done  in  an  atmosphere  of  nitrogen. 
The  finclv  divided  carbide  was  then  placfd 
in  electric  lurnaccs  of  special  design,  and 
nitrogen    pj'='-ed    through    the   finely   divided 
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charge.      The   reaction  was  exothermic  after 
once  started. 

The  calcium  cyanamid  was  then  fused  with 
salt  in  another  type  of  electric  furnace  the 
resulting  product  being  the  cvanide  under 
discussion. 

The  cyanide  as  tapped  from  the  furnace 
must  be  chilled  quickly,  otherwise  reversion 
takes  place  to  cyanamid  and  carbon.  This 
reversible  action  was  very  interesting  and 
unusual. 

The  material  was  of  a  black,  shinv  appear- 
ance in  the  form  of  thin  scales,  varving  from 
l-16th  to  l-32nd  of  an  inch  in  thickness,  and 
from   ^in.   to  ^in.    in   area. 

The  approximate  composition  is  as  fol- 
lows :  — 

Sodium    cyanide     (equiv.)  49.90% 

Cvanogen 26.66% 

Calcium 33.15% 

Sodium  15.30% 

Chlorine 17.50% 

It  was  of  interest  to  note  that  at  least 
part  of  the  cyanogen  was  present  in  the  form 
of  calcium  cj'anide. 

The  results  as  to  extraction,  precipitation 
and  c\'anide  consumption  had  shown  no  dif- 
ferences from  the  grades  of  cvanide  used 
heretofore  in  the  treatment  of  gold  and 
silver  bearing  ores. 

Owing  to  the  content  of  unhydrated  lime 
it  wa-s  preferable  to  dis.solve  the  new  cvanide 
in  a  solution  tank  to  prevent  localised  heat- 
ing of  the  mass  which  causes  decomposition 
of  the  cv'anidesi  prt^^ent.  It  was  advi.'^able  to 
have  some  meth^xJ  of  agitation  during  solu- 
tion. I 

He    hop*-']    that    thin    brief    defcrijjlion    of     j 
the  prrxJuct  and   method  of  manufacture  in     ' 
Cana/Ja  of  this  new  cyanide  would  be  found 
interesting    and     informative. 

Mr.   H.  A.   White  said  he  would  like  to  re-     ' 
mark  that  the  iurnace  uned  for  tranttforming 

■  ■'  '  '■        ■  '   ium  cy  '       '         list, 

lot  of  eipenmenta  were  made  in  this  country 

<•   war    in    ih**  -t    to   p<>rforni 

•     ofMTation.      1  'vrf    made    on 

a  fairly  small  scale.     He  l>«lieved  Dr.  Calde- 

cott   rr^tild   tffll   \hrin   he   had    made  Mime   on 

a  fairiy  larg«>  'rale     up  to   |(H)  |>oiindii,  but 

th«  fliffiriilty  w;i«  that  ihey  could  no!  gH  ihr 

'■   up   to  a  /    like   fiO   |wr   cent., 

•' '-    (Iti'f  ••!•  J     of    cfxtjing    it    sufTi- 

V    in    larg#   piece*   wax   re«pon 

sibi«. 


Another  difficulty  was  that  the  action  of 
moisture  upon  the  slowly  cooling  product 
was  one  which  rapidly  caused  it  to  be  con- 
verted into  ammonia.  Evidently  those  two 
little  difficulties  must  have  been  got  over. 


\    DEVICE   FOR    TESTING    THE    PERMEABILITY    OF 
SLIME. 


Read  at   April  Meetiny. 


Mr.  B.  L.  Gardiner:  Having  had  occa- 
sion recently  to  make  use  of  a  simple  device 
for  testing  the  permeability  of  slime  from 
the  vacuum  filtration  point  of  view,  it 
occurred  to  me  that  a  short  description  might 
be  found  useful  to  others. 

It  is  not  claimed  that  the  device  is  par- 
ticularly new  or  of  great  accuracy  whe'i 
applied,  but  it  is  essentially  simple,  and  can 
be  put  together  in  ten  minutes,  and  might 
be  of  (-.special  service  on  out-of-the-wav 
mines  not  provided  with  much  in  the  waV 
of  testing  laboratory  apparatus.  Such  an 
instance  recently  took  place  when  the  writer 
was  visiting  a  mine  in  Rhodesia  and  desired 
to  know  whether  the  .=lime  tjiere  was  suitable 
for  vacuum  filtration  or  not,  and  inside  an 
hour  the  very  useful  affirmative  information 
was  in  his  possession. 

The  following  is  a  biief  desciiption:  — 
Uequirnl .  A  length  of  glass  tube  about 
half  an  inch  internal  dian:eter  and  about 
5  ft  long  (a  100  cc.  burette  will  do  if  the 
glass  tube  is  wanting);  two  medicine  bottl-j 
cork;-;  a  nail;  a  piece  of  string;  a  .-^mail 
piece  of  cloth. 

On*'  crjrk  i.s  made  to  fit  in  the  end  of  the 
tube  juHt  as  it  fits  in  the  medicine  bottle, 
but  it  i.s  nicked  with  a  knife,  as  here  shown, 
before  fixing.  A  piece  of  cloth,  calico,  or 
Huch  likp,  i.s  then  drawn  over  tliis  cork  and 
the  end  f»f  (he  tube,  and  bound  to  the  tubt 
with  a  piece  of  string.  The  other  cork  must 
be  a  neat  fit  iii'^ide  the  tube,  ho  that  it  can 
I  lide  up  and  down  a.s  a  piston  The  small 
nail  is  ituslied  noally  tlirou^jh  the  centre  of 
this  cork  and  llir  end  bent  over  to  nuiko  a 
hook- 

The  npparntus    is    now    ready    for    work. 

(tprriilinij .  Pour  a  little  water  down  the 
o|>pn  en<l  of  the  tulie  to  lubri«ate,  and  then 
fMinh  in  Iho  piMfui  cork  altHch  n  !<Mit;lli  of 
•ilrinif  (o  tin-  lio<(k.  niid  with  a  lliin  roij  push 
the  pinton  down  the  tube  m>  bn  In  jiiM   touch 
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tlie  other  co'k  alieady  inserted  there.  Pour 
about  one  int-li  of  water  on  the  piston  to 
form   a  seal. 

Holding  tube  vertically,  submerge  the 
lower  end  into  a  ve.ssel  containina  the  slime 
l)ulp,  and  then  draw  up  the  cork  piston  by 
means  of  the  string,  thus  creating  the 
vacuum.  It  will  be  found  that  the  cork 
piston,  if  sufficiently  firm  a  fit,  will  stay  up, 
and  there  is  no  need  to  anchor  it  by  fasten- 
ing the  string.      If  d   clamp  is  available  the 


tube    may    be    fixed    in    an    upiiglit    ])Oi-ition 
and    the   operation    watched. 

It  will  be  noted  that  the  filtered  solution 
immediately  begins  to  rise  in  the  tube,  and 
through  the  column  of  solution  rise  numer- 
ous small  bubbles,  which  are  the  dissolved 
gases  being  driven   off   from   the  solution   in 


vacuo.  The  liberated  gases,  of  course,  tend 
to  reduce  the  vacuum,  and  it  might  be 
expected,  would  vitiate  results  in  so  far  as 
a  useful  comjjarison  is  concerned  with  tho 
uniform  vacuum  such  as  is  usually  main- 
tained in  piactical  work.  My  results  show 
that  the  amount  of  gases  given  off  is  not 
an  important  factor  provided  the  tube  ia 
fairly  long,  and  even  with  a  short  tube  (3 
feet)  the  solution  has  risen  steadily  till  not 
less  than  9-iOths  of  the  vacuum  space  was 
filled. 

The  progress  of  the  filtration  can  be 
watched  very  closely  by  noting  the  rate  of 
rise  in  the  solution  level,  and  bv  measuring 
tbe  increase  at  definite  time  intervals,  an 
interesting  curve  can  be  plotted  which  help.^ 
to  determine  the  economic  time  to  which 
the  filtration  should  be  carried. 

After  sufficient  time  of  filtration  has  been 
allowed,  the  arrangement  is  removed  from 
the  pulp,  and  a  ball  of  thick  slime,  corres- 
ponding to  tlie  "cake"  in  filters  will  be 
found  adhering  to  the  end  of  the  tube;  the 
thickness  of  this  can  be  determined  by  prod- 
ding radiallv  with  a  clean  splinter  of  wood, 
or  allowing  to  dry  out  partially  under  the 
influence  of  the  vacuum,  and  then  making 
a  careful  section.  Given  the  thickness  of 
cake  in  the  given  time  it  is  a  simple  matter 
(o  calculate  the  capacity  of  a  vacuum  filter. 

If  the  slime  pulp  has  been  agitated  suffi- 
ciently with  cvanide  solution  before  com- 
mencing a  test,  the  rod  with  ball  of  slime 
attached  can  be  transferred  to  a  vessel  con- 
taining wash  water  and  the  operation  of 
washing  continued,  giving  useful  informa- 
tion in  regard  to  the  rate  the  wash  comes 
through,  and  finally  by  removing,  drying 
and  assaying  a  good  indication  of  the  resi- 
due that  mav  be  expected  bv  vacuum  filtra- 
tion methods. 

The  device,  l)eing  quicklv  and  easily 
arranged,  is  also  useful  in  making  compara- 
tive tests  on  the  influence  of  substances  such 
as  coagulants  on  the  filttring  rate,  or  in  de- 
termining the  effect  of  anv  other  factors  of 
a  similar  nature. 

It  has  been  sugge.-ited  that  an  airang«» 
ment  on  some  such  lines  might  be  devised 
for  detei  mining  quicklv  whether  the  de- 
aeration  of  cvanide  solution,  as  practised  'n 
some  i)iices,  is  being  carried  out  satisfac- 
toiilv — the  absence  or  presence  of  bubbles  in 
ihe  column  bfing  a  sort  of  rough  indicator 
(if  the  degree  of  de-aeration. 
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NOTES   OX   OSMIRIDIUM. 


By  J.  R.  Thl'rlow 


In  view  of  the  interest  which  is 
being  taken  in  osmiridiuni,  to  judge 
by  the  frequent  references  appearing  in 
the  local  press,  no  apology  is  needed 
for  placing  before  the  members  of  this 
Society  a  brief  record  of  what  has  been  done 
locally  hitheito,  and  more  particularly  the 
results  which-  have  been  obtained  during 
more  recent  research  on  this  valuable  con- 
stituent of  banket   ore. 

The  first  serious  attempt  at  commercial 
realization  known  to  the  writer  was  made  by 
the  late  Mr.  M.  Torrente  during  the  period 
1912-1913,  when  he  succeeded  in  isolating 
and  fusing  into  metallic  form  a  small  quan- 
tity of  the  metal  iiidium.  Mr.  Torrente 
carried  out  a  considerable  amount  of 
research  work  on  concentrated  black  sand, 
resulting  from  milling  operations  from  one 
of  the  mines  in  the  Central  Rand,  and,  with 
a  view  to  establishing  commercial  relation- 
ships, was  in  correspondence  with  well- 
known  firms  in  England  and  on  the  Con- 
tinent for  some  considerable  time. 

The  next  and  more  successful  attempt  of 
this  kind  occurred  during  the  latter  part  of 
1920  on  a  mine  situate  in  the  Eastern  Rand 
section.  It  may  be  noted,  however,  that 
periodically  during  the  intervening  period 
more  or  less  frequent  references  were  made 
to  the  fact  of  the  presence  of  rare  metals 
other  than  gold  in  concentrated  products 
resulting  from  metallurgical  operations.  In 
the  main,  however,  these  references  were 
concerne<l  mostly  with  analytical  work  ; 
quite  fref{uentlv  it  wa.<t  a  Hubject  for  argu- 
ment in  connection  with  the  a.ssaying  of 
concentrateA  dealt  with  by  the  Co-operative 

approach  to  its  Buccessful 
isolation  from  the  commercial  anpect,  viewed 
in    light    of    pr«»it<»ril-day    kn'  would 

appear   to   be   when   a   .«tmall     ,  ly,   con- 

taining 80",,  oMmiridium  and  3%  platinum, 
wan  pBJwrd  rn\iu(\  for  r  <rt  nt  n  nn'i'tinir 

of  thi*  S'Miely,  hel<J  ...  '  )rtolH«r.  19I.'i,* 
wh»n  M#H(«r<»  W  FT  Jane  and  V  Davey 
|i'  i  a  [»«|»er  on  Clean  up  room  prartire 

'    ry  of  |(  '    "'"'     ■       'rjit    II  worth 
r.  an   II  iM-iifrfit    re- 

raiting     from     scientific     training     and     i) 
natural  oulrome  in   fl-      '  'an   iiit««lli 

ireiil     mf'T*''     in     wJi  '■^     i"*     b«-ini' 


undertaken.  The  curiosity  of  an  assayer 
led  to  a  discussion  as  to  the  nature  of  a 
certain  blue-black  material  which  he  had 
observed  to  form  a  ring  round  the  outer 
edge  of  the  material  passing  through  a 
batea.  As  a  sequel  a  small  portion  was  col- 
lected which,  on  analysis,  proved  to  contain 
a  high  percentage  of  osmiridiuni.  Sub- 
sequent investigation  indicated  that  a 
natural  concentration  of  this  product  was 
occurring  in  the  clean-up  room,  and  advan- 
tage was  taken  of  its  incidence  to  evolve  an 
economical   process   of    recovery. 

After  a  good  deal  of  experimental  work 
in  the  direction  of  hydraulic  concentration 
the  simple  system  described  heiein  was 
adopted,  and  nieanwliile  gradual  improve- 
ments are  taking  place  which  lead  to  in- 
creased efficiencv. 

In  connection  with  the  experimental  work 
it  mav  be  mentioned  that  a  magnetic  pro- 
cess was  tested,  and  while  it  was  found  that 
osmiiidiuni  was  attracted  with  the  magnetic 
metallic  iron  to  the  various  ])oles,  probably 
due  to  the  magnetic  film  covering,  no  real 
concentration    was   effected. 

A  description  of  tlie  method  referred  to 
above  as  eni])loyed  on  reduction  plants  of  the 
Rand  Mines  Central  Mining  Group  is  as 
follows  :  — 

Proceed  in  the  usual  manner  to  griiul  in 
the  clean-up  barrel  all  black  sands  collected 
from  the  amalgamation  plates  and  the  i)ro- 
ducts  fioni  the  tiaps,  inoitar  l)ox  heads. 
Wilfley  tables,  etc.  Pass  tiie  ground 
mateiial  through  the  batea  also  as  usual. 
but  lake  j»rei-aulion  to  keep  the  final  heavy 
concent  I  ates  remaining  on  the  batea  sej)arate 
from  the  lighter  portion  which  flows  over  the 
trap  plate  Hy  this  means  a  ])roduct  con- 
taining -10",',  of  osmiridiuni  concentrate  has 
been  obtained,  and  where  this  is  possible  the 
HiiiiplcNl  nielho<l  of  futlhor  treat  nieul  is  to 
pan  off  the  )m<'o  nielHls  in  a  proi'pector's 
dioh  The  moHt  HatiMfactory  inetluxl  at 
pn-Henl  of  dealing  with  the  jiroduct  from 
the  collccliiig  sump  of  the  batea  is  to  purfs 
it  over  a  nmnll  I  able,  which  in  coveretl  with 
opMt-graine<J  calict)  renting  on  r.ne  mesh 
'IfKl)  Ncreen. 

The  dimenwionM  of  thin  table  may  lir  made 
to  i>ui(  the  working  npacc  nvaihible:  i1ir> 
'  it 'i-s  nl  j>reHenl  in  Uf**  nro  Jibuiil  H  fi-ct 
;  ■ii  '    bv    2    f«'«>l    wifle,    and    an-    nuicl««   wilh    a 


210 


Juiinud  of  The  CIteinical,  MctuUiirgical  and  Mining  Society  of  South  Africa.     May,    1922. 


small  head  box  and  distributing  lip  similar 
to  those  situated  at  the  heads  of  the  tube 
mill  plates.  The  inclination  of  the  table 
depends  upon  the  material  being  concen- 
trated, and  the  operator  can  soon  decide 
what  this  should  be  to  obtain  the  best  result. 
A  grade  of  20",',is  found  to  work  very  well, 
but  as  the  table  is  usually  a  portable  one 
and  only  set  up  as  required,  it  can  readily 
be  adjusted  to  suit  working  conditions.  The 
concentrate  caught  on  the  table  is  further 
dressed  by  panning,  and  the  product  of  this 
operation  is  treated  by  acid.  It  may  be 
pointed  out  that  as  all  operations  prior  to 
concentration  on  the  calico-covered  table 
are  contributory  to  the  ordinary  routine,  the 
operating  charges  per  ton  of  ore  treated  are 
practically    unaffected. 

The  following  table  gives  typical  analyses 
of  the  results  obtained  by  the  above  means 
after  the  jiroduct  had  been  subjected  to 
treatment    with   weak   acids:  — 

12  3  4 

o/  o/  n/  (1/ 

/o  /<)  /o  /o 

Iridium  ...  43-9  44-51  37-86  33-25 
Osmium  ...  ),,  f  (  25-38  34-75  37-79 
Ruthenium  .     )  (    10-50       10-04        10-47 


Platinum 
Rhodium 
Gold     ... 


30  7-04  6-37  5-80 
1-3  0  53  0-82  0-70 
3-0         309         3-60         2-86 


93-1       91-05       9344  90-87 

Analyses  by  R.  A.  Cooper,  Rand  Mines, 
Ltd.,    Laboratory. 

The  following  copy  of  a  complete  analysis 

of  "Black  Sand"  was  given  to  the  writer 
by  the  late  Mr.  M.    Torrente:  — 

Iron  35.32 

Sulphur   41-27 

Copper   -05 

Lead   -03 

Nickel    -20 

Cobalt    -24 

Zinc   -48 

Arsenic    .33 

Silica   19-65 

Alumina   -50 

Chromium   Oxide    -08 

Lime   17 

Magnesia    12 

Titanium  Oxitle  95 

Oxygen,  Combined  and  Hydroscopic 
Water,  Gold  and  Metals  of  Plati- 
num Group    -61 

100  00 


Fine  Gold  ...  1-33  ozs.  per  ton  of  2,2401bs. 
Fine  Silver  .  200  ozs.  per  ton  of  2,2401bs. 
Platinum      ...      -43  ozs.   per  ton  of  2,2401bs. 

Iridium 3-00  ozs.   per  ton  of  2,2401bs. 

Palladium    ...      -45  ozs.   per  ton  of  2,2401bs. 

On  sample  as  received. 

As  regards  the  amount  of  osmiridium 
present  in  the  ore  milled,  tests  have  shown 
that  it  varies  from  1  ounce  per  5,000  tons 
to   1    ounce  per   15,000  tons. 

Taking  the  mean  of  these  extremes,  to 
arrive  at  a  monthly  output  of  100  ounces 
osmiridium  1,000,000  tons  would  have  to  be 
milled.  The  computation  is  made  on  tests 
carried  out  on  mines  situated  on  the  Far 
East  Rand.  So  far  only  negligible  quan- 
tities have  been  isolated  on  mines  w^est  of 
the   Modder   Group. 

CoMMERCi.-vL  Value. — The  most  valuable 
constituent  of  the  concentrate  is  iridium, 
wliich,  however,  is  subject  to  violent  fluctua- 
tions in  price  according  to  demand.  Thus 
it  realised  £120  per  ounce  two  years  ago  as 
compared  with  one-fifth  of  this  amount  per 
ounce  more  recently. 

CoMMERciAX-  Uses. — The  chief  uses  of 
osmiridium  or  the  metals  contained  therein 
have  hitherto  been:  — 

(1)  Fountain  ])en   jioints. 

(2)  Contacts    u.^ed    in    magneto    points     of 
the  highest  class  of  n)otor  cars. 

(3)  Irido-platinum   alloy   used   in   thermo- 
cou])les. 

(4)  Hardening  ))arts  of  certain  denial  in- 
strument s. 

(5)  Watch    and   compass  bearings. 

Mr.  H.  A.  White  thought  the  Society 
was  to  be  congratulated  u])on  receiv- 
ing those  notes,  which  would  no  doubt  be 
very  valuable  to  those  wlio  were  considering 
the  question  of  attem])ting  the  recovery 
of  this  material,  the  value  of  which, 
of  course,  dejicnded  to  a  very  large 
extent  u])on  the  sujiply.  So  that,  if 
all  the  mines  were  to  set  to  work  and  turn 
out  some  liuii(hcds  of  ounces  of  iridium  per 
month  the  price  would  unquestionably  soon 
go  down  below  that  of  gold.  They  had  not 
an  accurate  idea  of  the  percentage  of  extrac- 
1  ion  cf  the  osmiridium  piesent  in  the  ore. 
The  figures  they  had  heiird  read  out  to  them 
that  evening  were  merely  l)ased  upon  re- 
covery results:  one  ounce  luid  been  extracted 
from  15.000  tons,  or  5,000  tons,  as  the  case 
might  lie.  Tie  had  made  a  few  experiments 
en  that   point,  l)u(   they  were  not  sufficiently 
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adequate  to  enable  him  to  give  those  present  picion  that  the  recovery  was  not  more  than 

any    definite    information    as    to    the    results     j      40   per   cent,   to   50   per   cent,   of   the   actual 
arising  therefrom;  but  he  had  a  strong  sus-      |      osmiridium  present  in  the  ore. 


TECHN'ICAL   EXAMINATION   OF   LUBRICATING    OIL   AND    GREASE. 


Bv  F.  W.   Wat.son,  B.Sc.  F.I C,  and  H.    U.   Bell. 


Comparatively  little  has  been  published  in 
South  Africa  on  this  very  important  subject, 
in  fact  the  authors  have  been  unable  to  find 
any  contribution  thereon  in  this  Society's 
Journal. 

In  the  present  paper  we  propose  to  deal 
with  the  subject  from  the  point  of  view  of 
the  chemist,  therefore  the  paper  will  consist 
mainlv  of  analytical  methods  and  data. 

It  has  been  found  that  engineers  who  had 
obtained  satisfaction  from  a  lubricant  for 
one  particular  purpose  were  inclined  to  use 
the  same  article  for  an  entirely  different 
clas.s  of  work,  and.  naturally,  satisfactory- 
results   were    not   obtained. 

Analyse**  and  physical  tests,  conducted  on 
.«ome  of  the  lubricants  on  the  market,   have 
shown    that    many    were   entirely    unsuitable 
for  the  ♦'   proposed.        Many   oils   and 

^rea-'-e"  liave    favoured     trade     name- 

are  sold   at   higher  prices  than  equally  good 
or   better   ;:  in    many   cases   the   chief 

or  only   qua...  ...on    for    the   high    price    is 

the  name. 

As  might  be  expected  there  is  considerable 
variation  in  the  opinions  held  by  competent 
judges  AS  to  what  i."  the  desired  standard 
for  any  particular  type  of  lubricant.  Thus 
t^ftne  an''  -  ,%  consider  that  a  c>'linder  oil 
fihould   •  no  animal   or   vege'.a'''e   oil ; 

othen  hold  that  a  iimall  (>ercentage  of  these 
i-      '    '  '  while  others  again 

(•' .  ,  •      i-ntage  of  free  fatty 

arid   in  an   improvement.* 

found   that    materialn  whi<-h   ap- 
yi-.A...  .... ,,    come   within    the    Mpe<-ification.i, 

nhown    ill    the     armmpanying     tables,     have 
^ven  Kreat  %»t  n   in  practical   uxe  and 

p-' '       •     ■     of    iiM-.-    dotaiN    mav    therefore 
|>i  .i    to   other<«,    and    indicate    what 

are  the  requirement*   for  the  varioua  typei 

fi  I 

naturally  dividen  ilitelf  into 
two  di'tinrf  pari«  — oiU  and  f^reajie— and  wi* 
prot*"**   fir«l    lo   consider   I  lie    former, 

"nt..    f<..li    which     liav«>     f.«-<Mi    <-.iriii-il    rml     (III 

oil  «.'  ire  a*  foll< 


'  y  htv\  Prart  [cm  <,t 


(a)  Flash  point — closed  test  in  Peusky 
Marten   apparatus. 

(b)  Viscosity  at  temperature  specified, 
being  the  time  in  seconds  w^hich 
elapse  during  the  efflux  of  50  cc.  in 
the   Boverton    Redwood    viscometer. 

(c)  Specific  gravity  at  60°  F. 

(d)  Free  fatty  or  mineral   acid. 

Ce)  Fixed  oils,  e.g.,  animal  and  vegetable 
oils. 

(f)  Rosin   oil. 

(g)  Tarry  matter, 
(h)   Moisture. 

(j)  Volatile  constituents — loss  in  one  hour 
at  370°  F. 

The  first  five  determinations  (a-e)  call  for 
little  comment  ;  they  are  carried  out  by  well- 
known  standard   methods. 

(i)  liosiii  Oil. — Recent  analyses  have 
siiown  that  this  body  is  seldom  juesent  in 
any  reliable  lubricating  oil,  nevertheless  we 
consider  that  its  detection  and  determina- 
tion are  worthy  of  special  attention  and 
will   be  considered   in  detail   under  grease. 

(g)  Tarnj  Miiftrr. — Tiiis  impurity  has 
been  found  in  small  quantity  in  some  oils. 
The  determination  is  carried  out  on  the 
residue,  left  after  treatment  for  rosin  oil, 
which  consists  chiefly  of  mineral  oil  and  is 
treated  by  the  method  used  by  Kissliiig.* 
This  nietluKl  is  adversely  affected  by  the 
presence  of  fatty  acids  and  fixed  oil  and  is 
only    intended    for   mineral   oil    products. 

(h)  J/o»*///rr.— Loss  at  2120  |.'  j^  „„ly 
determined  in  the  case  of  light  oils,  in 
other  cases  loss  at    .370°   F.   is  est i united. 

(j)  \'iihililitif. — This  is  defined  as  tlie  loss 
in  one  hour  at  370O  F  The  test  is  carried 
out  on  fioni  0  5  to  I  gram  of  the  oil  and  is 
Applied  in  the  ca^e  of  <-ylinder  and  coiii- 
presHor  oils.  The  temperature  given  is  that 
coiiHideiPfl  bv  engineers  as  the  teniperaturn 
to  which  the  oil  in  xubjected  when  in  use, 
and  in  intended  lo  hIiow  the  degree  of  vola- 
if  ion   of  the  oil   in   prartire.    in   c«)mpre«- 

U'ltkini'    ill     irnll).      jier    'filLile    ilH-Ii      TjO 
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a  chemist  the  test  is  unsatisfactory  and 
somewhat  varying  results  are  obtained  on 
account  of  difficulty  of  control.  It  is  a  de- 
termination which  requires  the  adoption  of 
a   standard    apparatus. 

The  following  figures  show  the  variations 
obtained  on  the  same  oil  by  sliglitly  altering 
the  conditions.  In  the  first  two  tests  the 
oil  was  heated  in  an  oil  jacketed  oven  with 
closed  door.  In  tlie  first  case  the  ther- 
mometer bulb  was  immersed  in  a  cup  of 
oil  placed  on  the  tray  with  the  samples  and 
kept  at  370°  F.  ;  in  the  other  the  ther- 
mometer bulb  touched  the  tray,  in  the 
middle  of  the  oven,  on  which  the  shallow 
dishes  containing  the  samples  were  placed:  — 

Results:—  (1)  (2)  (3)  (4)  A  v. 

%     %     %     %     % 

Thermometer  in   oil      ...  2  4   2-3  2-4  2  3  2-35 

,,        touching    tray...   3-4  3-2  3-4  3-6  3-40 

Another  series  of  tests  were  conducted   in 

an  ordinary  air  oven  without  jacket,  giving 

results  as  follows:—  (i)  (2)  (3)  (4)  Av. 

O/      O/        0/        o/  o/ 

/O      /o        /o        /o         /o 

Thermometer  in   oil      ...   3-6  4-4  2-4  40  3-60 
,,       touching   tray...   30  4-5  3-7  2-4  3-40 
From  these  figures  it  will  be  seen  that  big 
variations  in  results  are  obtained   when  dif- 
ferent methods  are  used.     In  the  oil  jacketed 


oven  four  determinations  with  either  adjust- 
ment of  the  thermometer  give  good  agree- 
ment, but  the  averages  vary  considerably. 
In  the  air  oven  tests  there  is  a  big  divergf- 
ence  in  individual  results,  although  the  two 
averages  are  remarkably  close  and  agree 
with  one  of  tlie  oil  jacketed  series.  On 
average  percentages  obtained,  about  3-5% 
would  be  the  accepted  result,  but  on  account 
of  the  great  divergence  in  the  air  oven 
figures  the  result  is  unreliable  and  2-35  is 
just  as  likely  to  be  correct. 

Another  oil  was  tested  similarly  and  gave 
results  as  follows,  with  the  thermometer 
touching  the  tray:  — 

Oil    jacketed    oven    ... 
Air   jacketed    oven    ... 

In  these  tests  the 
jacketed  oven  is  not  quite  so  good  as  with 
the  previous  sample,  but  it  is  closer  than 
with  the  air  oven.  There  is  a  big  discrep- 
ancy in  the  average  result    in  tlie  two  cases. 

The  figures  given  show  that  some  standard 
method  is  essential,  and  we  recommend  this 
for  the  consideration  of  the  Engineering 
Standards  Cojnmittee.  In  the  Proceedings 
of  the  American  Society  for  Testing 
Materials,  year  1919,  p.  732,  it  is  recom- 
n^ended      that      the      tray      containing      the 
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Viscosity  15ov. 

Sp.GJr. 

t» 

Volatile 

Description 
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Ked.  Sees  per 
50  c.c. 

Free 
Fatty 
.\cids 

Rosin 
Oil 

Tarry 

Matter 

Fixed 
Oils 

Soap 

No 

@ 

^ 
(S 

Ash 

vt' 

TO"  F     200"  F 

60T 

212" 

370" 

% 

■  "   1 

P 

F 

] 

Dynamo 

275 

_ 

.898 

Nil 

Nil 

0  25 

Nil 

3.5 

_ 

Nil 

0.003 

2 

»» 

:iti7 

360 

— 

.902 

tf 

1> 

0.29 

II 

6.0 

— 

If 

0.002 

3 

Engine 

(Light) 
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611 

56 

.875 

Trace 



— 

It 

2.4 

45.3 
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— 
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— 
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Nil 
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0.8 

— 

Nil 

0.004 
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» 

»f 

0.13 

II 

1.3 

• — 

Trace 

0.006 

6 

Machine 

4t)8 

870 

— 

.877 

>» 

f> 

Nil 

n 

0.4 

— 

II 

0.004 

7 

., 

378 

365 

— 

.866 

«> 

tt 

0.04 

II 

0.7 

— 

Nil 

Nil 

8 

Cylinder 

4«6 

— 

160 

.892 

0.2 



— 

0.2 

— 

2.8 

II 

— 

9 

49"j 

— 

116 

.887 

Nil 

Nil 

0.06 

Nil 

— 

1.6 

0.06 

0.004 

10 

If 

496 

147 

.904 

»» 

II 

0.30 

II 

— 

0.8 

Nil 

0  004 

11 

)f 

536 

251 

.910 

** 

»» 

0.05 

II 

— 

Nil 

» 

0.040 

12 

f  > 

422 

— 

182 

.921 

0.6 

» 

— 

9t 

— 

1.7 

ft 

0.142 

13 

tf 

496 

— 

132 

.888 

0.1 

II 

— 



0.2 

7.0 



— 

U 

Air 

1 

Compressor 

340 

!       466 

— 

.882 

,      Nil 

II 

0.05 

Nil 

3.2 

41.1 

Nil 

0.002 
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t$          tt 

3(59 
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— 

16 

\ 

1    ir                *i 
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— 

17 

Chamber 
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— 

.871 

tt 

— 

— 

»» 

2.2 

47.2 

fi 

— 

18 

Heavy 

1 

Hearing 
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98 

.919 
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~™~ 

" 

0.4 

0.8 

12.9 

0.8 

0.11 
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Oil 
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Fixed 
Oil 


Moisture 
212~'F. 


Volatile  Ihr. 

C"  370  ~  F.  on 
0.5  to  1.0  grin, 
ill  shallow  di>h 


Light  Bearing  Oil. 
1        Desired 

Specification 
350  to  K-K  t 


2 
3 
4 


356 
330 

V>  dad 

6  366 
Heavy  Bearing  Oil 

7  Desired 
Specification 

350  to  450 


H 

9 

lo 

11 

12 


321 
4:<5 
395 
410 

Dvnamo  Oil, 
'  13       De«ired 

Specification 
auuto  4O0 


14  347 

15  :*4'J 
1(5  33S 
17  3i5 
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VI  SM 

Compre«««r  .\ir  Cylinder  Oil 

2ij  T>»ir<^l 


4.j<i  t.. 
60<> 
515 
5«.»o 
52<J 
64<) 
535 


1500  to 
2<>;0 

1H»^J 

1515 
1627 
2.'>7o 
16:jo 


to  4<J0 
322 
397 
328 
300 
331 

:wo 


0.><7<» 

Nil 

Nil 

to 

o  o.yoo 

0.05% 

.9<X) 

., 

,. 

— 

— 

Trace 

— 

— - 

— 

Nil 

Nil 

— 

.913 

Trace 

0.7% 

.913 

Nil 

Nil 

.POO 

Nil 

to  .y2<.» 

.898 

»t 

— 

0.4 

.917 

Trace 

.913 

Nil 

.896 

.850  Nil 

to  .890 
.899 
—  Trace 


.900  Nil 


Nil 


Nil 


Nil 


Trai-i 


to 
0.1% 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


2.6 
<t.6 


21 
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•»-i 

KIO 

23 

:i9H 

21 

4M2 

25 

Mti 

2(1 

¥*t 

27 

¥<> 

*«t>-«m  <'»lin»l«'r  «>il 

Ti 

f 
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iffit  U,  .'.V ' 

2t» 

.Vlf» 

»t 

.VW 

31 

&;m 

32 

.'.15 

33 

:>io 

«'n»nk  ' 

•  '.1 

3» 

.\lH*ve 
13<i 
IfiO 
171 

«2 
\Ti 
175 

.VS 
I3» 


.885 
to  .9oo 

.893 
.91(1 

.H9S 
.H'.Hi 
.H1I3 
!li»T 


2"> 

'►»» 

2Vi 

t.,  l«20 

2.«H 

tire 

»»2 

.91  iH 

IWI 

WH 

190 

.91  »7 

218 

iNHI 
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Nil 


Nil 


Nil 


Nil 
2  2 

Nil 


Nil 


TriM'*' 
Nil 


Nil 
Nil 


O  IX 
Nil 


Nil 


Nil 


Nil 


Not  to  exceed 

l.o% 

4.4 

2.0 

\H.H 
12  H 

Nil 

3.5 

S  4 


Not 


to  I'Xl I 

(».r,% 

0.4 

I  t 

I  11 


¥Jil  '.->  IO«i 

n.^f 

87<i 

I..  M««l 

U,  UIO 

u 
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'•1', 

.WW 

M 

Vt} 

f%h; 
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to 

(I  ,',X 
NU 
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samples  should   revolve  mechanically   during 
the   test. 

Having  now  enumerated  the  tests  we  con- 
sider necessary  to  apply  to  lubricating  oils, 
we  may  proceed  to  consider  results  which 
have  been  obtained  by  examination  of  dif- 
ferent tv]>es. 

Table  I — Miscellaneous  Oils — gives  data 
obtained  from  analyses  of  oils  often  used 
before  puichasing  on  definite  specification. 

It  will  be  observed  that  the  volatile  con- 
stituents at  the  respective  temperatures  are 
•renerallv  abnormal,  the  flash  point  and 
viscosity  figures  for  any  type  of  oil  are 
trratic. 

Nos.  (i  and  7  are  classed  as  machine  oils, 
which  show  consideral)le  difference  in  visco- 
sity and  flash  i)oint.  No.  9  shows  a  very 
low  viscosity  for  a  cvliuder  oil.  No.  12  is 
an  e.xccptionally  thick,  heavy  oil  containing 
free  fatty  acid,  and  gives  an  appieciable 
amount  of  ash,  consisting  chiefly  of  oxide 
of  iron,  its  Hash  point  and  viscosity  are  not 
so  high  as  might  be  expected  from  the  ap- 
])earance  of  the  oil.  Nos.  14.  15,  and  16 
are  so  called  compressor  oils  which  are 
quite  uiuuitable,  and  emphasise  the  necessity 
of  standards  being  laid  down.  No.  18 
appears  to  be  an  artificially  thickened  pro 
duct. 

Table  fl. — This  table  gives  results  ob- 
tained from  oils,  supplied  more  recently, 
under  certain  specification  requirements  as 
shown. 

Above  figures  prove  that  there  should  be 
no  difficulty  in  obtaining  oil  to  comply  with, 
liie  requirements  of  these  specifications.  In 
tliis  respect  the  comjiressor  and  air  cylinder 
oils  are  worthy  of  special  attention.  The 
peiceutage  of  components  volatile  at  370°  F. 
is  an  important  feature,  since  a  high  pro- 
portion gives  rise  to  contamination  of  the 
air,  and  possible  explosion.  The  viscosity 
has  a  direct  bearing  on  the  lubricating 
power,  and  an  unsuitable  oil  is  some- 
times made  to  meet  viscosity  requirements 
by  compounding  soap  with  the  oil,  but  this 
will  readily  be  detected  on  analysis.  The 
flash  point  is  obviously  a  most  important 
feature. 

Fixed  oils  have  never  been  found  present 
in  lubricating  oils  recently  examined,  but 
some  years  ago  one  cylinder  oil  which  was 
usually  recognised  to  give  excellent  result.- 
in  practice  contained  about  7  per  cent,  of 
animal   oil   or  fat. 

Light  bearing,  heavy  bearing,  and  dynamo 


oils  call  for  little  comment  as  they  generally 
meet  requirements. 

Compressor  oils  require  s])ecial  attention. 
No.  23  is  an  oil  which  it  would  be  dangerous 
to  use  in  a  compressor — it  contains  rosin  oil 
and  all  the  other  important  figures  condemn 
it.  Nos.  24,  26,  and  27  also  are  unsuitable 
and   would   not   be  accepted. 

Steam  cylinder  oils  are  generally  good, 
but  No.  36  is  too  light  an  oil  for  crank 
chamber  purposes. 

Grease. — Under  this  heading  we  find,  as 
will  be  seen,  mixtures  of  great  variety.  The 
percentage  of  water,  as  determined  by  loss 
at  212°  F.,  has  caused  much  discussion,  and 
in  some  cases  this  loss  has  been  so  high  that 
it  has  been  necessary  to  determine  the  water 
otherwise,  and  a  distillation  method  at  once 
suggests  itself. 

Addition  of  paraffin  oil  to  the  grease, 
before  distillation,  sometimes  proves  satis- 
factory, but  very  often  frothing  occurs  and 
spoils  the  determination.  A  successful  dis- 
tillation was  always  obtained  when  Xylol 
was    used — boiling    point    140°  C. 

100  grams  of  the  sample  are  weighed  into 
a  wide  necked  flask  of  about  .500  cc. 
ca])acity,  100  cc.  of  Xylol  are  added,  and 
the  flask  is  then  connected  to  a  condenser 
and  heated  carefully  on  a  sand  bath.  Once 
distillation  commences  there  is  rarely  any 
necessity  for  great  attention.  The  water 
and  light  oil  distil  easily  and  are  completely 
obtained  in  the  first  70  to  80  cc.  of  distil- 
late, which  is  collected  in  a  measuring  cylin- 
der. The  water  separates  readily  and  the 
volume  can  be  read  off.  The  difference  be- 
tween water  by  distillation  and  loss  at 
212°  F.  is  due  to  the  presence  of  light  vola- 
tile oil.  This  latter  is  often  ]>iesent  owing 
to  the  fact  that  crude  petroleum  oil  has 
been   used    in   the   manufacture. 

The  use  of  this  crude  oil  may  account  for 
some,  if  not  all,  of  the  resinous  bodies  and 
asphalt  found  in  certain  samples  of  grease. 
In  such  cases  the  manufacturers  sometimes 
repudiate  the  presence  of  these  bodies  as 
thev  have  not  been  added  intentionally.* 
According  to  Holde  badly  refined  mineral 
oil  may  contain  as  much  as  3-5%  of  resins 
soluble  in  70%  alcohol,  and  these  lesins  fail 
to  give  the  violet  colour  test  with  acetic 
anhydride  and   sul])huric   acid. 

In  other  instances  resinous  bodies  are 
found      present      in      considerable      amount 

*C.  F.  Mahery.  The  Mining  Jnurntil,  March  13th, 
1920,  p.  207.  "Lubrication  and  Lubricants" — Arch- 
butt  &  Deelpy,  3i<l  Edition,  p.  317. 
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(usually  the  colour  test  fails),  aud  tliev  can 
only  be  considered  as  having  been  added 
intentionallv.  Other  investiorators  have 
found  in  crude  petroleum  oil  ill-defined  sub- 
stances resemblingr  resin. 

The  detection  and  determination  of  rosin 
oil  and  resins  in  oil  aud  grease  are  worthy 
of  special  attention.  The  Liebermann 
Storch  reaction,  i.e..  the  fugitive,  violet 
coloration  produced  bv  the  acetic  anhvdride. 
sulphuric  acid  test,  is  generally  relied  on 
for  their  detection,  and  a  negative  result 
taken  as  indicating  their  absence.  The  re- 
liability of  this  test  has  frequently  been 
suspected  bv  the  authors,  a  negative  result 
has  been  obtained  in  cases  where  on  further 
examination  rosin  has  been  separated  and 
identified  as  such.  In  one  instance  as  much 
as  10%  of  rosin  oil  was  obtained  from  an 
oil  which  failed  to  £ive  a  violet  coloration 
test  on  the  original.  Storch's  method  of 
determination*  has  proved  sat isf acton,'.  This 
consists  in  warming  a  weighed  portion  of  the 
un.'-apunifiable  oil  with  alcohol  (95%  by 
weight)  in  amount  equal  to  20  to  50  times 
the  pos.sible  weiglit  of  losin  oil  piesent.  On 
cooling  the  alcoholic  solution  is  filtered  into 
a  tared  beaker  and  the  surface  onlv  of  the 
oily  residue  washed  with  90"  alcohol.  The 
alcohol  is  gently  evaporated  off  on  a  water 
bath  and  the  residue  weighed.  This  residue 
con.<<i->t.s  of  the  rosin  oil  and  a  certain  amount 
of  mineral  oil  which  is  dis.'*clved  bv  the 
alcohcl.  A  second  treatment  is  then  given 
with  a  lew  amount  of  alcohol,  and,  natur- 
ally,   ibe  will   be    le-^s   owing    to    the 

•■mailer    q: of    alcohol    requiting    les-) 

mineral  oil  to  .saturate  it.  From  these  two 
wei.  'e  i-H  obtained   shewing  how 

mil   i  ..,.1   .,.,    X   or,    of  alcohol   will   dis- 

";!'.«■  .11. 'i  thi»  allowance  i."  deducted  from 
the  second  weighing.  It  in  itometimes  ad- 
-       ''     *  kf  a  third  alcoholic  extraction 

.  _  '>n 

I*rofe*ji«r  Finkener'w  meth^xl  of  digp««ting 
the  oil  in  one  volume  of  chloroform  and  ten 
volitmen   of     almhol     (ng.     0818)     w     very 

'     '  '         "■  of    thiw    miiliire    at 

■nf  i,i  rofin  oil  from 
mixture*  of  ronin  and  mineral  oilii.  without 

in(  of  miiiTHl 

• -.A    be   oxidized 

with  nitric  and  (n.g.  12)  followed  by  a 
water  wA*hinf(  and  treatment  with  petroleum 

"n    tmd   VII.   IHWt.  p«(((.  I»l 
"  knmiyt"  VIII  ,    !»»•««.  p  71 


ether  which  dissolves  out  unchanged  mineral 
oil,  the  oxidized  rosin  being  insoluble.* 

In  grease  the  saponifiable  rosin  may  be 
present  either  as  rosin  acid  or  a  soap;  in 
any  case  the  saponifiable  content  is  examined 
apart  from  the  unsaponifiable  which  is  sub- 
mitted to  the  above  alcohol  treatment. 

When  rosin  soap  is  found  in  grease  it 
usually  happens  that  no  other  soaps  of  the 
fatty  acids  are  present,  and  it  is  therefore 
seldom  necessary  to  efifect  a  separation  of  the 
fatty  and  rosin  acids.  When  the  necessity 
does  arise  we  recommend  applying  Twichell's 
method!  in  which  the  aliphatic  acids,  in 
alcoholic  solution,  are  converted  into  ethyl 
esters  by  the  action  of  hydrochloric  acid 
gas.  Tlie  e--ters  and  rosin  acid  are  next  dis- 
solved in  petroleum  spirit  and  separated 
from  the  hydrochloric  acid  solution.  The 
rosin  acid  is  then  converted  to  soap  by  the 
action  in  the  cold  of  a  small  amount  of 
potash  dis.'jolved  in  dilute  alcohol.  This 
separates  readily  from  the  petroleum  spirit 
containing  the  esters,  it  is  run  off,  acidified, 
and  the  .separated  rosin  acids  collected  and 
weighed . 

Other  constituents  which  niav  be  found  in 
the  unsaponifiable  oil  are  wax  alcohols. 
These  are  liable  to  be  confounded  with  rosiji 
oil.  An  excellent  indication  of  the  prei^encc 
f-f  these  bodies  is  tiie  effect  they  have  on  the 
solubility  of  mineral  oil  in  ordinary  alcohol.  J 
When  wax  alcohols  are  present,  even  in 
such  small  jjroportion  as  5",',,  the  un.saponi- 
fiable  substances,  which  include  the  mineral 
oil,  are  readily  soluble  in  rectified  spirit 
r9.-,%). 

The  determination  of  fice  fatty  acid,  fi.ved 
oil,  soap,  mineral  filling,  and  examination 
for  grit  call  for  little  comment  as  thev  pre 
^ent  no  difliculty  to  any  cliemist.  Free 
alkali  has  been  found  in  some  sam|)Ies  of 
grease,  it  is  usually  present  as  free  lime. 
and  iH  probably  inleiulcd  to  mask  the  pro 
Hence  of  fice  fatty  acid  In  cuj)  gioase  we 
have  invariably  found  the  mineral  filling  to 
be  carbonate  of  lime,  though  in  ;inl  ifriction 
grpH««'  tjilc  in  often   used. 

Tho  he.it  tent  on  sieve  if  useful  for  n  cup 
);reai«e.  About  5  gramH  of  thi-  grease  are 
placed  on  a  piece  of  200  mesh  screoiiing  con- 


•  M'IMill.V.    J-.M.       ,1.1..,       fhrm      .S'.,r       X\l,     1 KMA, 
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taiued  in  a  Gooch  crucible  provided  with  a 
cover,  and  are  heated  in  an  oil  bath  fitted 
with  a  glass  or  mica  front.  By  means  of 
a  thermometer  alongside  the  test  the  tem- 
perature is  noted  at  which  the  grease  com- 
mences to  drip  through.  Heating  is  then 
continued  till  the  giease  ceases  (o  drip 
throuHli    when    the    screen    is    examined. 

A  good  grease  should  all  run  through  in 
a  satisfactory  range  of  temperature,  e.g., 
light  giease  190° — 210°  F.  and  heavy  grease 
220° — 250°  F. — and  should  not  leave  an 
appreciable  lesidue  <.n  the  sieve.  Some 
greases  leave  a  consideiable  residue  indicat- 
ing separation  of  the  mineral  oil  from  (he 
soap  and  filling. 

Soffeniiu/  Point. — The  object  of  this  test 
is  to  determine  the  temperatuie  at  which 
the  adhesive  power  of  the  giease  to  metal 
fails  to  withstand  a  piessure  of  \%  inches  of 
ineicuiy.  The  apparatus  is  desciibed  by 
W.  Fisher  in  the  Proceedings  of  tlie  Ameri- 
can Society  for  Testing  Materials,  Vol.  II., 
1911.  ]).  699,  and  has  been  used  for  several 
years  in  the  Consolidated  Goldfields  and 
Rand  Mines  Laboratoiies. 

A  cylinder  or  column  of  giease  ]  inch 
diameter  and  g  inch  in  height  is  contained 
,11  a  thimble  provided  with  a  lateial  hole  at 
the  base  of  the  grease  column.  The  thimble 
is  screwed  into  the  base  of  an  iioii  cuj)  which 
is  immeised  in  an  oil  bath.  A  tliei  moiiieter  is 
introduced  into  the  c  ip,  the  liulb  bting  on  a 
level  with  the  grease  column.  Mercury  is 
then  added  to  the  cup  to  a  de])tli  of  Ig  inch 
from  the  base  of  tiie  giease  column.  The  oil 
bath  is  then  gently  wanned  and  the  tem- 
perature noted  at  which  the  grease  is  dis- 
placed and  lises  shaiply  to  the  surface  of 
the  n^ercury.  A  light  grease  will  often  not 
stand  the  upward  i)iessuie  at  ordinary  tem- 
jieiatuie;  in  this  case  the  depth  of  mercury 
at    wliich    it    rises   to   the   suiface   is   noted. 

This  is  a  most  useful  and  practical  test, 
but  up  to  tiic  j)iesent  no  definite  standards 
have  been  published  and  the  results  are 
empirical.  W'itii  some  ex])erieiice  a  good 
knowledge  can  be  gained  of  what  should  be 
expected    from    vaiious   classes    of   giease. 

Three  instances  may  be  given  here  of 
rock  drill  lubricants.  Sample  A  was  found 
to  be  much  moie  economical  than  Sample  B, 
a  till  of  the  former  giving  about  three  times 
the  service  that  the  latter  gave  under 
similar  conditions.  Sample  C  is  an  entirely 
diffeient  type,  and  was  said  to  give  satis- 
factorv  results: — 


Fixed     Oils     (Animal 
and  Vegetable)  ... 

Rosin — saponifiable  ... 

Kosin  —  nnsaponifiable 

Free  Fatty  Acid 

Free  Mineral  Acid 

Free  Alkali 

Water    by   Distillation 

Ash        

Soap 

Minerial  IIydro('ar1)ons 
(Mineral  oil,  paraffin 
wax  and  vaseline  — 
by  ditl'erence) 


"A" 

"  B  " 

"C" 

Per  cent. 

Per  cent. 

Per  cent- 

Nil. 

Nil. 

U-7 

Nil. 

:{■!> 

Nil. 

20 

;<  -t 

15-7 

0-3 

0-8 

0-8 

Nil. 

Nil. 

Nil. 

Nil. 

Nil. 

Nil. 

Nil. 

0  1 

Nil. 

0.03 

oar, 

00: 

Nil. 

Nil 

Nil. 

97-67 


lOOUO 


91-45 


100-00 


(5878 


100-00 


Specific  Gravity  (60°  F)  0-905 

Sp.Gr.    (GO^F)   of  Min- 
eral Hydroeaibons...  0903 

Softening  Point  ...  21'^C. 


0917         0-913 


0-912 


0  900 


Does  not  Form* 


Softenin(.f  Point  of  Min- 
eral  Hydrocarbons...    21'-X'. 


form 

column 

column 

l)\it     will 

HI 

iioistHnil 

thimble. 

any 

mercury 

l)re«sure. 

Forms 

25*'C. 

onlmnii 

imt  will 

not  ^tan 

I 

Hny 

mercury 

lirisr-iiie 

From  comparisons  of  analyses  "A"  and 
"B"  we  would  be  unable  to  draw  a  con- 
clusion as  to  why  "A"  should  be  more  ser- 
viceable than  "B."  The  difference  is  due 
to  the  adhesive  power,  which  is  shown  by 
the   instrument    described. 

The  mineral  hydrocarbons  are  of  diflferent 
types  and  showed  variation  in  behaviour 
when    subjected    to    distillation. 

The  difleience  between  the  softening 
points  of  the  original  sample  and  mineral 
hydiocarbons  in  "C"  is  due  principally  to 
tiie  lemoval  of  the  fixed  oils.  The  con- 
stituent in  "C"  (15'7%)  on  oxidation 
a])peared  to  consist  of  rosin.  The  violet 
leaction  previously  leferred  to  could  not  be 
observed  in  the  test  on  this  extract,  but 
otherwise  it  showed  characteristic  ])roperties 
of  rosin.  The  s])ecific  gravity  was  0-946, 
which  is  high,  and  a  high  gravity  is  ty))ical 
of  rosin  oil  or  higher  alcohols.  If  the  lat- 
ter had  been  ])resent  the  solubilitv  of  the 
mineral  oil  in  ordinary  alcohol  would  have 
been  much  greater  than  was  found.  The 
rosin  extracts  of  both  "A"  and  "B"  gave 
the   fugitive   violet    coloration. 


Mi.v.  Iiri2. 
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Pilch  and  asphalt  are  not  fouud  in  good 
cup  giease,  some  anti-friction  greases  have 
been  fouud  to  contain  asphalt,  and  both 
niav  be  present  in  rope  dressing.  They  can 
be  separated  from  the  unsaponifiable  con- 
stituent, but  their  determination  cannot  be 
considered  as  highlv  accurate  owing  to  lack 
-of  kuowledge   regarding  their  chemical   pro- 

COO  r 

perties. 

Pitch  and  asphalt  together*  are  estimated 
as  follows: — Digest  5  grams  of  tlie  unsaponi- 
fiable matter  in  25  oc.  of  ether,  then  add 
verv  slowly  with  constant  stirring  12o  cc. 
of  al<  ohol  (96",,).  This  jjrecipilales  the 
pitch  and  a>iphalt.  which  is  allowed  to  settle 
for  several  hours,  filtered  and  washed 
ihoroughlv  with  alcohol  ether  (1:2).  The 
insoluble  matter  is  next  digested  on  the  filter 
with  boiling  benzol  which  dissolves  pitch 
and  asplialt.  The  filtrate  is  collected  in  a 
tared  dish  and  is  evaporated  and  weigiied. 
This  extract  niay  contain  some  solid  paraffin 
which  may  be  detected  by  boiling  with  96",, 
alcohol    when,    on    cooling,    the    paraffin,     if 

•  •*  Ltibrii-ation  A  LuJiricants,"  Archhiitt  A  Deeley, 


present,    can    be    seen    separating    out. 

Having  desciibed  methods  of  analysis  we 
may  now  consider  different  varieties  of 
giease  giving  analyses  of  typical  samples. 

I.  Citp  Creaxt. — This  is  the  most  im- 
portant type  of  grease  and  mav  be  sub- 
divided   into   three   classes:  — 

(a)  Light. 

(b)  Heavy. 

(c)  Extra  heavv. 

All  these  should  be  free  from  grit,  rosin 
oil,  and  mintral  acid.  The  free  fatty  acid 
should  not  be  more  tliau  01%;  water  ri"l 
mineial  filling — apart  from  soap  base — 
shoukl  be  low,  certainlv  not  more  than  3%. 
Some  specifications  call  for  a  nnich  smaller 
quantity,  but  allowance  must  be  made  for 
manufacturing  difficulties.     In  a  light  grease 

~  O  O 

tiie  lime  soap  should  be  about  17 — 18",,.  and 
mineial  oil  about  77%.  lleavv  grease 
siiould  have  about  20 — 22%  of  lime  soap, 
and  mineial  oil  about  74%,.  Extra  heavv 
giease  should  contain  about  25%  of  lime 
soap  and  mineral  oil  about  70%. 

The  following  are  tvpical  examples  of  cup 
i.Me;i-e   analv^ed  :  — 


WittiT    l>y    DititillMtioti 

Lini>-  S<«p 

.Min«;ral  Filliii-,4 

Fr»%-   .\lkah 

Frp«?  Fatty   Aci(J« 

Fi»»?<l  OiU 

R'Mtn  Bodien 

•  frit 

Min»'n»i  Uil  (liy  •liff«nti<-««) 


"^t.-niny  f'tn' 


LRiHT. 

HE.U  Y. 

KXTR.\ 

IVl-  .V 

nt 

lit. 

1 1 1:  \  V  N' 

I 
T'T  ••••lit. 

I'lT  r.llt. 

1 
IVr  (lilt. 

I'.T  .-.. 

IVr  rent 

-'.7 

1  •; 

1'  !• 

2  t 

1(1 

tn 

it:. 

!*<  1 

•JV  1 

L'2  1 

-MS 

2b7 

\  r, 

It 

II. 

I'ti 

IS 

.VO 

IVh*.!- 

Nil 
•  •  1 

'J'tllCT 

Tratf 

Nil 

1)  1 

TraiH 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

■'•1 

.-.:i 

21 

is 

:»■.-. 

rti 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

7«a 

7:J.'. 

-:t:« 

711 

718 

rt.vi 

|l  N  1  1  1 

<l  N  1  1  1 

)  1  H  M  1 

1  1  >(  1  1  1 

l(H)(l 

|(  H  Ml 

]~H^y  ITM^K  iHi'-K  l',u*-K  11H»«-K  I'rcj^F 


It  will  Ije  t»eeii  tliat  all  tliene  contain  noine 
r«>«ni.     '•'  -    and    5    are    lii^hiT    than    aro 

ac«-epi.i  ;-■  In  all  of  tlie*>«  the  roi^in  waj. 
eKtrsrt«d  and  identified  by  (he  oxidatiou 
le«t  pteviou^ilv  riuoifd,  geiifrallv  the  fugi- 
tive vi'  '- '  '--t  wa^  iiinialiNfaclory  even  on 
the    ex  I    niHli-rial. 

We  are  inioniitd  lliat  No».   1,3,  4,  and  C 
give   etrrlUiii    r»>«iiMH    ill    practice 

II  .\  iiii  fru  ii',ii  firrntr  — Thin  In  a  tyj»e 
entirely  different  from  cup  (^reaae.  it  i*  ■ 
much  -I  lid     '■ 

occur  ....  '       A   1'       , 

worthy  of   atten'     '  The    mineral    filling 

and   riMin   are  unually   much   higher   than   in 


<'Up  grea.He  and   I  he  soap  conleiit    vniies  con 
•idfiably        Analyses    Hie    given    bi-low 

In  the  cases  of  C.  D.  E,  and  F,  both  tlie 
loHM  on  dryinj;  at  212°  V.  and  the  water  by 
dixlillHtioii  with  XvlcJ  ate  given,  and  sliow 
that  IIh'M'  greaxes  conlHin  n  coiiHiderable 
propoitioii  of  light  voJHliif  oil  ;  tluH  in  expeci- 
ally  niaiked  in  K  and  I*'  A  in  a  good  type 
of  giPHM'.  r<"»i'inbling  in  iiianv  lespeclM  !• 
heavy  tup  gu-a.-o,  but  ciintHiii^  a  fair  amount 
of  rcwin  and  Honie  nHphali  H  <'oiilHiiMM|  n 
larf(e  aiiioiint  of  loKin  I  odicM.  tin-  mixttirc 
wa<i  not  hoiiiogeiie'jUH  and  «>«-p/iiatiMl  inl<> 
Uyem.  C  and  I)  ronlain  a  mnall  pcrcoiitagi< 
of    liglit    volatila    oil    <iiir|    a    fan    amount    of 
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Water  by  Distillation 

LiiHH  Soiip 

Mineral  Fillin<^     ... 

Free  Alkali 

Free  Fatty  Acid  ... 

Fixed  Oils 

Kosin  Bodies 

.\sphalt  ... 

(irit 

Mineval  Oil  (by  difference) 


Total  Loss  at  2l2''F 
Softening  Point  ... 
Heat  Test  on  Sieve 


A 

B 

8-7 

61 

24-S 

61 

l(j 

Nil 

Trace 

2-4 

0-3 

01 

Nil 

Nil 

6-7 

41-0 

10 

__ 

0-2 

>»il 

.j6-7 

43\S 

l(K)(t 


1(1(1(1 


Society 
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r'nii. 

M; 
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C 

D 

E 

F 

50 

6-5 

2-5 

30 

70 

100 

17-5 

loo 

3-5 

215 

4-3 

4r. 

10 

Trace 

Trace 

Trace 

Nil 

Trace 

Trace 

Trace 

Nil 

Nil 

Nil 

Nil 

100 

10-4 

7-0 

!»0 

— 

— 

22 

1-9 

Nil 

Nil 

Nil 

Nil 

73o 

Tif.") 

W)-.") 

(Ujl 

1(1(10 


100 

l!t(^F 


10(10 
13(i 


icoo 


143^F 


lOOO 

23-4 
120"F 


satisfactory     un>ati>(actory 


rosin — it  will  be  noticed  that  C  contains 
free  alkali.  E  and  F  are  very  similar  and 
contain  a  large  percentage  of  light  volatile 
oil,  the  rosin  constituent  is  present  in  fair 
amount,  and  they  also  contain  some  asphalt. 
III.  Nope  (tiid  Gear  Drcssint/s. — Incidental 
to  lubricants  are  gear  and  rope  dressings. 
Typical  analyses  are  given  below.  As  will 
be  seen  thev  are  verv  complex  preparations 
and  show  big  variations  in  composition:  — 

Rope  Dressings. 

I  % 

Water    19 

Ash    5 

Sugars 15 

Organic  acids  combined  with  lime  10 

Asphalt    10 

Tar,   Tar  Products,   and   Mineral  Oil 

bv  difference 41 

1000 

II.  % 

Water    181 

Fixed  Oils   2'2 

Lime    Soap    0-5 

Free  Fatty  Acids   0  3 

Mineral    Filling    13  4 

Asphalt    115 

Rosin   Bodies    5  8 

Mineral  and  Tar  Oils  (bv  difference)  48.2 

100  0 

III.  % 

Water  Nil 

Lime  Soap 2-7 

Free  Organic  Acid                       5-2 

Mineral    F'illing                                Trace 

Asphalt    7-4 

Rosin   Bodies    35  2 

Mineral  and  Tar  Oils  (by  difference)  49.5 

100  0 


Gear  Dressing. 

% 
Water    Nil 

Fixed  Oil  2-5 

Lime  Soap 2-8 

Free  Fatty  Acids   0-5 

Mineral    Filling    Nil 

Asphalt   26-9 

Rosin   Bodies    1-8 

Pitch    4-7 

^lineral  Oil   (by  difference)    60.8 

1000 
Hard  Grease. 

o/ 

Loss  at  212°  F 2-8 

Lime  Soap    29  0 

Mineral  Filling  (CaCO,)   0-3 

Free  Fallv  Acids   101 

Fixed  Oils    Nil 

Grit   Nil 

Wax   Alcohols    50 

Mineral  Oil  (by  difference)     52.8 

100  0 


1.  aj)pears  to  consist  of  a  mixture  of 
Stockholm  tar,  bituminous  matter  and 
molasses.  It  is  an  exceptional  mixture  and 
is  said  to  give  satisfaction.  The  hard  grease 
is  a  most  unusual  material,  it  has  a  high 
soap  content,  and  has  an  exceptionally  high 
pro])orlion  of  free  fatty  acid  (stearic  acid), 
and  i(  will  be  noticed  that  wax  alcohols  are 
present.  The  asj)halt  found  in  above  samples 
was  asphalt  insoluble  in  normal  petroleum 
benzine  and  can  be  separated  from  pitch 
and  other  tar  bodies. 

The  autli(;rs  hope  that  this  paper  will 
arouse  interest  in  a  subject  which  they  think 
has   been   somewhat    neglected   locallv. 


Mav.    1022. 


F.    H  .    Watson   mid  H.    D.   Btll — Lubricatiinj    Oil  and   Grease. 
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As  was  slated  at  the  outset  the  paper 
deals  with  the  chemical  aspect.  It  would  be 
of  great  interest  if  someone  having  details 
of  physical  tests  would  come  forward  with 
a  paper  dealine  with  the  subject  from  that 
point  of  view. 

.  We  desire  to  thank  the  Rand  Mines.  Ltd., 
and  Mr.  K.  L.  Graham,  Consulting  Metal- 
lurgist, for  permission  to  publish  the  figures 
given. 

Mr.  H,  R.  Adcini  thought  the  Society 
was  greatly  indebted  to  Messrs.  Watson  and 
Bell  for  their  very  valuable  paper.  The  paper 
was  one  which  would  appeal  verv  much  to 
the  technical  chemist;  it  contained  the  kind 
of  data  they  wanted.  The  records  were  those 
of  actual  experimental  work;  very  detailed 
records,  as  could  be  seen  from  the  figures. 
One  of  the  things  that  struck  him  was  that 
the  work  of  the  chemist  in  connection  with 
^uch  materials  was  verv  much  of  a  police- 
man's duty;  what  he  meant  was.  the  chemist 
was  largely  concerned  with  looking  for  what 
constituents  were  harmful  or  useless,  and  the 
results  had  very  little  to  sav  about  the  actual 
lubricating  properties  of  the  oil.  Of  course, 
that  was  not   the  chemist's  fault. 

He  would  like  very  much  to  know  what 
the  basis  was  on  which  the  authors  had  given 
those  specifications.  The  only  remark  made 
under  that  heading  was  that  such  products 
had  given  great  Hatisfaction  in  actual  prac- 
tice. Of  courve,  that  was  useful,  but  he  did 
not  know  that  it  could  be  called  very  scien- 
tific, and  he  would  like  to  support  the 
'■■•'■''  plea  that  this  wa.H  a  matter  ff-r  the 
I.  «-ring  Standards  Committee 

The  vincowily  tei«t,  he  supposed,  from  the 
lubricating  |>oint  of  view,  wa.s  the  moct  ini- 
f>ortant.  fie  would  have  thought  that  viH 
ctmty  le<(tH  would  have  been  made  at  still 
higher  temperalureit  than  thoM>  given  by  the 
■'  .  ■  '.       ■  .  .     •  ,  .,1. 

1      •  ■  ■  .1.  ;iH 

to  give  information  a«  to  the  adheition  of  the 
oil  to  the  '  at   the  tfMiij>er«t iiren 

found  in   ;  ii     .ever  much  the  fric- 

lion   wan   r  it   wan  not   much  f^rtu]   if 

il  did  not  a<t  a  ronliniioiiM  film.  ThnI 

wa<i,    he    I'  put    rather    vaguely,    the 

idea  of  lh<-  'v  text.     If  they  were  work- 

ing   with    the   oil    or    lubri(-anl    at    a    higher 

'■- --    •' —    --ven   in   ihr   •    ' 't    .    then 

lo   have  le«t« 

•t    Iho   lemf>eranjre   in    ure.      Obviounly.    a« 
ih^  writer*  "Aid,   il   v  th« 

vi«ro»ilv  «'  ordiiiarv  .ng 


soap,   or  emulsions    of     soap     to     the  oil  or 
grease. 

He  was  rather  interested  in  what  was 
called  the  volatility  test,  which  must  he 
rather  an  important  one  as  regards  compres- 
sor oils.  He  was  wondering  whether  a  dis- 
tillation method,  such  as  was  used  in  con- 
nection wiih  the  grease,  might  not  be  applied 
even  although  the  temperature  was  fairly 
high,  about  370=F. 

Some  of  the  data  in  connection  with  tho 
greases  was  ct  very  great  interest.  There 
was  plenty  of  room  here  for  disposing  of 
otherwise  unsaleable  products.  The  idea 
with  the?e  lubricants,  generallv  speaking, 
was  to  use  the  lubricating  properties  of  heaw 
mineral  oils,  the  latter  being  made  highly 
viscous  by  the  incorporation  of  a  lime  soap. 
What  was  the  lubricating  effect  of  the  soap? 

There  was  a  good  deal  of  work  being  done 
now  in  order  to  try  and  arrive  at  some 
really  fundamental  facts  with  regard  lo  the 
theory  of  lubrication.  He  was  rather  disap- 
pointed to  find  that  none  of  the  oils  ex- 
amined by  the  authors  contained  anv  veget- 
able oil.  Some  of  the  recent  work  done  was 
very  interesting:  he  thought  the  authors 
referred  lo  it  in  their  paper.  The  introduc- 
tion of  small  ]iroportions  of  vegetable  oil — 
r.t/.,  castor  oil — was  recommended  bv  some 
authorities,  and  the  effect  with  regard  to  the 
reduction  of  friction  seemed  to  be  rather 
extraordinary.  He  noticed  a  great  deal  of 
work  was  being  dene  in  connection  with  the 
blending  of  castor  oil  with  mineral  oils  at 
the  present  dav.  Apparentlv.  however,  those 
ideas  were  not  yet  sufficient Iv  established, 
as  the  authors  had  not  included  such  addi 
tions  in  their  specifications. 

We  thought  that  was  ail  ho  could  sav  at 
the  muiiient  on  the  subject,  lie  had  much 
nleasure  in  proposing  a  vote  of  thanks  to 
Me  i^  \VatM>ii  and  H<  II  for  their  valuable 
paj*er. 

The  Pre«:dent  Imped  thev  would  have  a 
(•<iiiipl<'iiieiilarv  jiaiicr  on  the  physical  side  of 
oil  tpMting,  enhircMig  (Ui  phvMcal  spccifira 
lions  for  lubricating  oils  and  greases,  He 
ihniiehl  the  paper  bv  Mo^sr^'  Wntsim  niid 
Hell  had  iMii|ili«MiMed  the  iieci  ••«.it  v  ff>r  chomi- 
ral  eianiinnt  ion  bv  <i  (lunlified  chenuHt.  At 
th«»  name  time  one  coiihl  not  hclfi  nvmnalluH- 
iiitf  with  the  manufnct  iirern  of  lhe«o  oiU  and 
fliriotn  who  had  to  produce  within  tlieso 
rnlhrr  lerrifving  liniilM.  He  thought  the 
Muthnm  had  prr-Kented  n  vnlnnble  paper,  and 
«i«hi>d   lo  «fld   hif   appreciation. 
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Dr.  Orenatein  in  introducing  a  paper 
contributed  by  Dr.  W.  E.  Gye,  said  that 
ihis  gentleman  was  Senior  Pathologist  of 
the  National  Institute  lor  Medical  Research, 
in  London,  which  was  one  of  the  activities 
of  the  National  Council  for  General  Re- 
search, which  has  done  such  good  work,  as 
thev  knew,  during  the  war.  Dr.  Gye  was 
visiting  here  for  about  a  fortnight  a  few 
weeks  ago,  and  had  been  working  on  miners' 
phthisis  from  the  standpoint  of  the  causation 
of  the  disease,  or  perhaps  more  correctly, 
he  had  been  working  on  silica  as  a  cause  of 
various  diseases,  and  in  that  connection,  of 
course,  became  very  much  interested  in  the 
principal  disease  caused  by  silica — miners' 
|)htliisis.  They  wujuld  recollect  that  the 
Symposium  on  ^Miners'  Phthisis  had  been 
running  now  for  some  months,  and  that  very 
early  in  the  symposium — he  believed  on  the 
first  night,  as  a  matter  of  fact — Dr.  ]\Iavro- 
gordato  very  kindly  read  to  them  a  very 
interesting  contribution  on  the  mechanism 
of  the  production  of  that  disease,  if  he  might 
so  say,  in  which  he  had  recapitulated  the 
various  factors. 

Perhaps,  for  the  better  understanding  of 
Dr.  Gye's  paper,  it  would  be  well  if  he 
biieflv  intlicated  to  them  what  essentially 
miners'  phthisis  was.  Essentially  miners' 
])hthisis  was,  in  technical  language,  a 
"fibrosis,"  which  really  meant  the  change  of 
lung  tissue  into  scar  tissue.  The  lungs,  of 
course,  were  organs  primarily  intended  to 
oxygenate  the  blood  ;  and,  in  order  mcsl. 
edicieutly  to  carry  out  that  function,  were 
arranged  bv  nature  in  such  a  way  as  to  ex- 
j)ose  the  blood  in  the  blood  vessels  to  the 
nuiximum  anu)uul  of  air  in  a  given  space. 
Nature,  of  course,  arranged  things  very 
cleverly;  it  arranged  the  lungs  into  organs 
which  were  perhaps  best  com])aral)le  to  the 
ordinary  nd)ber  sponge  — a  maximum  of  air 
cells,  with  the  minimum  of  division  walls, 
and  in  those  division  walls  blood  vessels 
which,  in  the  case  of  the  lungs,  were  mostly 
small  and  consisted  of  a  single  layer  of  cells, 
the  blood  lifing  confined  in  a  tube  made  u]) 
of  a  single  layer  of  cells,  particularly  thin 
in  those  blood  vessels  known  as  capillaries. 
Thus  the  blood  had  a  very  ready  contact  with 
relatively  large  volumes  of  air,  and  the  in- 
terchange of  oxygen  and  CO,  easily  took 
})lace. 

If  thev  reduced  the  volume  of  this 
cellular  striu-ture — if  thev  obiitt  rated  a  very 
large  number  of  those  cells  by  changing  them 


into  scar  tissue,  it  was  obvious  that,  to  that 
extent,  a  lesser  volume  of  air  would  come 
into  contact  with  the  blood,  everything  else 
l)eing  equal.  Scar  tissue,  as  everyone  knew, 
was  hard;  it  contained  relativel}'  very  few 
spaces,  and  those  spaces  were,  of  course, 
infinitesimal;  consequently  air  could  not 
penetrate  into  those  spaces  to  any  extent, 
and  the  interchange  of  oxygen  and  CO,  could 
not  properly  take  place  in  scar  tissue. 

It  had  always  been  rather  a  mystery  as 
to  why  silica  caused  scar  tissue  formation. 
They  were  aware,  of  course,  that  if 
they  cut  their  finger,  or  hand,  or  if 
they  inserted  a  foreign  substance  into 
their  skin,  or  into  a  muscle,  the  effort 
of  nature  to  heal  the  injury  was  by 
means  of  scar  tissue.  In  just  the  same 
way  as  when  they  cut  the  bark  of  a  tree, 
the  effort  of  nature  there  was  to  form  a 
callus,  w^hich  was  essentially  the  formation 
of  scar  tissue  on  a  tree.  There  was  some 
absorption  and  final  equilibrium  in  the  sub- 
stance in  which  the  original  injury  took 
place.  There  was  very  seldom  in  the  higher 
mammals — particularly  man — a  regeneration 
of  the  original  tissue;  there  was  nearly  al- 
ways substitution  of  scar  formation.  There- 
fore, it  was  easy  to  juni])  to  the  conclusion, 
one  might  say,  that  the  inhalation  of  a 
foreign  substance  such  as  silica  would  cause 
an  injury,  followed  by  scar  tissue  formation. 
Well,  it  was  a  curious  fact  that  this  par- 
ticular relatively  enormous  scar  formation 
did  not  take  ])lace  when  they  inhaled  other 
substances  which  one  might  assume  <"'  priori 
would  also  injure  the  cells  of  the  lungs,  and 
thus  cause  the  formation  of  scar  tissiie  tc 
repair  the  injury.  Silica  did  that  to  an 
extent  very  much  greater — enormously 
greater — than  any  other  substance  known 
which  was  inhaled  into  the  lungs.  Further- 
more, the  greater  the  injury  to  a  given 
tissue  the  greater  the  scar  tissue  formation, 
generally  speaking;  that  was  to  say,  if  they 
put  a  ])in  or  a  sharji  needle  into  their 
hand,  tlie  amount  of  scar  tissue  which 
would  form  in  connection  with  the  repairing 
of  that  puncture  was.  of  course,  very  much 
less  than  if  they  drove  a  nail  in  or  if  the 
cut    was   an    inch    long. 

It  was  owing  to  the  work  done  in  South 
Africa  largely  by  Dr.  Moir  that  it  was  now 
known  that  the  particles  of  silica  which 
caused  this  surj)risingly  great  amount  of 
scar  tissue  were  the  smallest.  They  could 
not,  of  course,  drive  into  the  cells  of  the 
lungs  a  marble  or  a  lump  of  coal.  Obvi- 
ously,   the.   particles    nnisl    be   quite   small   to 
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entei-  the  cells  of  the  luugs  at  all,  and  to 
damage  them ;  but  the  particles  which 
entered  the  air  spaces  ot  the  luugs  and 
which  did  the  most  damage  were  infinitesi- 
mally  small  as  compared  with  the  size  of  the 
air  spaces,  and  the  so-called  large  particles 
were  also  very  much  smaller  than  the  size 
of  these  spaces;  yet  the  so-called  large  par- 
ticles did  not  produce  the  damage  that  the 
small  ones  did. 

That  is  one  argument  whv  the  mechanical 
theory  of  miners"  phthisis  is  not  quite  ac- 
ceptable. Furthermore,  there  was  a  curious 
phenomenon  which  had  onlv  been  observed 
reallv  with  any  certaintv  since  the  forma- 
tion of  the  Miners"  Phthisis  Medical  Bureau, 
with  the  consequent  examination  of  people 
at  periodical  intervals,  and  a  comparison  of 
records  rarefullv  kept  from  one  examination 
to  the  other;  it  was  that  when  a  man  got 
t  certain  amount  of  pure  silicosis,  pure  for- 
mation of  scar  tissue,  due  to  silica,  without 
tuberculosis,  if  the  amount  of  fibrosis 
reached  a  certain  point,  in  a  certain  pro- 
portion of  those  men.  even  if  thev  droppetl 
mining  and  did  not  anv  longer  inhale  silica 
to  any  extent  bevond  the  amuniit  that 
•  veryone  inhaled  who  was  not  working 
;T-derpround.  the  disease  progressed.  Thai 
■  .;.iin  wa«  incompatible — not  quite  rfimpat- 
ible,  |>erhap«,  if  not  enlirelv  incompatible — 
••  iiJi   r'      '  '  f  the  pnrelv  m»  chaiiir^l 

(i^  It  .  I   parti<-les.      He  took    it- 

thiK  argument  required  no  great  elaboration. 
'  •'  -lopped    inhaling  ^'ilira.   atwl   the  scar 

;;..-i.un  progre.-syed  whv?  What  was 
lining  en.  if  it  was  purely  mechanical  and 
due   to  i  ? 

Fiirtix •.    ..    ...ul    been    an    obsfrvation 

A'hich  had  lieeii  taken  for  granted  on  (he 
Kand    for    manv    yearH    that    the    native    wan 

'itivelv   iiiimiine   to  filirohi.H.      Il    had   been 

I  hal    I  he    reaMiii    wax    I  hat    he    wan    not 

cx|>me<|     lo     tile    mont    dangerouH   period    of 

fihalal ion-  thai    w.-i«,    the    jieriodn    of 

t  ,'      lo    ihe    "aim-    «'Xt«Mil    an    the    while 

iii^ri        Well,    that    of   rrmnte    wan   not    quite 

Iriir    iiiid«-r    |»r<'-»  ni     imnini;    <  ofidil  lorix.    and 

I  ho**"    of    ihf    la-l    i-iKhl    nr    li-n    yi-ai'^        The 

majoriiv  of   while   men   were  aliio  not  very 

•  i\    to    thifor    liangToiiN    tiinen 

,.  .    ..lid   ihr  fine  diixl    reoiill  iiig.      It 

lUo  Nlill  fmainnl  tii  Im>  proved,  of  coiirm;, 
th^l     ihr    du«l     |><  by      bbialing     mah 

«    'tIIv     mi«  ■  ■  'III*    (han     the    dimt 

d    by  drilling.        It    wa* 

'^rtaiiily  a  fart   ihai   dry  drillin|{.  a*  nHowii 


in 


a  ftw  seconds  a  very  large  quantilv  of  very 
minute  dust  invisible  to  the  ordinary  eve 
and  which  could  not  be  determined  to  a 
certainty  by  the  available  methods  of  ex- 
amination, such  as  the  gravimetric  and  the 
counting  method — the  konimeter  method — 
for  the  reason  that  the  production  of  such 
dust  might  take  place  over  onlv  a  very 
diort  time,  and  yet  the  quantity  be  verv 
great,  and  in  that  particular  short  time  it 
was,  of  course,  a  very  small  chance  that  the 
determination  would  be  made,  unless  the 
arrangements  had  been  pre-determined  and 
the  dust  production  deliberately  set  about. 
They  would  re-call  that  on  that  film  it  was 
shown  by  the  artificial  light — equal  to  about 
200,000  candle  power — that  clouds  of  fine 
Just  were  produced  by  drilling  without 
water  for  ten  or  twenty  seconds.  At  twentv 
seconds,  with  that  light,  the  photograpli 
was  entirely  fogged  by  dust,  although,  to 
the  naked  eye  of  the  observer  it  was  not 
visible.  If  such  periods  of  twenty  seconds 
occurred  several  times  in  a  shift,  of  course 
a  very  large  amount  of  dust  would  be  in- 
haled by  the  men  in  the  inunetliale  vicinity 
of  the  drill — and  the  men  in  the  immediaie 
vicinity  of  the  drill  were,  nine  times  out 
of  ten,  natives.  So  thai  they  would,  in 
machine  drilling,  jirobabiy  be  exposed  at 
least   as  much   as  the  while  men. 

By  a  piocess  of  eliininal  ion  one  could  say 
I  hal  the  oidy  esstntial  dilTerence  between  a 
native  and  the  white  man  was  the  fad  I  hat 
a  very  large  percentage  of  the  natives  who 
worked  on  these  fields  periodicallv  retiretl 
lo  their  homes  and  onlv  work«'d  a  certain 
length  of  lime  underground,  and  lh«'n  had, 
perhaps,  an  equal  or  a  longer  length  of 
lime  at  home.  Eliminating  Kast  C'cast  boys, 
whose  average  slay  he  had  been  given  to 
iinderslatid  was  fifteen  monlhs.  the  fad  I  hal. 
on  these  fi«  Ids  there  were  r«'<iiiil('d  cvei  y 
year  ralln-r  more  natives  than  w«ic  an  tho 
average  at  work.  I  hal  wonid  giic  one  llie 
idi'a  I  hal  I  he  avrrag*'  slay  all  along  is  ralher 
\f¥H  than  a  year,  with  an  absence  of  some 
iMr)nlhM  bflwfcn  earh  <>iigag«>incnt .  appar- 
ently ill  a  large  niiinbcr  of  cases.  One  might. 
from  that  quite  reaKfiiably  argue — he  <lid 
nol  |nit  it  forward  ah  an  explunalioii,  In- 
caiiw  he  did  not  know  of  any  difinilr  daiii 
on  the  nubjeol-  thai  i  li«<  piixxls  nl  long 
renin  between  peiiodH  of  exprmiiif.  provided 
iiiiiierN'  phthiMH  did  not  progri-HH  lo  a  given 
point,  and  pmvidid  lln-ri-  wan  nol  i-o  much 
•ilina  in  the  liingn  an  to  caiine  damage  ac- 
•  to  till"  iheorv  which  I»r.  (Jyi"  put 
I     I    III    III*    paper      provided    I  hat     poiiiL 
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liad  not  been  reached,  somelhing  look  place 
during  the  rest  period  which  neutralised  the 
ill  effects  of  silica — always  assuming  the 
amount  of  silica  in  the  lungs  did  not  come 
up  to  that  point  where  it  cannot  be  neu- 
tralised  any  more  by  any   period   of  rest. 

Dr.  Mavrogordato,  in  his  interesting 
])aper.  the  result  of  long  and  painstaking 
research,  had  pointed  out  (o  them  that  in- 
fection with  organisms,  with  germs,  played 
a  very  large  part  in  the  production  of  the 
disease  of  miner's  phthisis,  ai)art  from 
tuberculosis.  They  would  recall  that  Dr. 
Mavrogordato  had  put  forward  one  theory. 
Dr.  Gve  had  now  put  forward  still  another 
theorv.  They  would  recall  that  he  (the 
speaker)  in  his  introductory  remarks  in 
opening  the  Symposium,  had  said  that,  to 
his  mind  the  solution  of  the  problem  of 
miners'  phthisis  required  the  co-operation  of 
several  branches  of  scientific  research  and 
investigation.  In  Dr.  Gye  they  were  fortu- 
nate to  have  the  combination — a  medical 
man  who  had  been  a  chemist  before  he  be- 
came a  medical  man,  and  who  had  gone 
somewhat  into  the  chemical  explanation. 

He  would  now  read  Dr.  Gyes  paper,  and 
if  anv  point  was  not  quite  clear,  they  might 
discuss  it  later  on,  or  at  a  subsequent  meet- 
ing. 

Dr.  W.  E.  Gye  (.\<ili<>n(il  I n^^lilnl,  fm 
MrdirnJ  Ee.-<far(/i ,  Loni/on)  :  It  is  a  great 
l)leasure  to  add  my  quota  to  the  symposium 
on  "Silicosis,"  tliough  I  can  contribute 
nothing    of    direct    ])ractical    value. 

The  two  questions  which  Dr.  Kettle  and 
1    have  endeavoured   to   answer  are: — 

(I)  IIow  does  silica  dust  cause  the  injury 
to  lunt"  tissues  which  cuds  in  fibrosis; 
and 

(II)  What  is  the  explanation  of  the  un- 
doubted association  of  tuberculosis 
with   silica  dust    inhalation. 

These  two  questions  will  be  taken  in  order. 

(I)  Whenever  this  question  has  been 
faced  at  all  the  solution  has  generally  been 
assumed  in  the  physical  ])roperties  of  silica 
dust .  Too  nnuh  enij^hasis  has  been  laid  on 
the  sharpness  and  insolubility  of  silica  par- 
ticles. We  now  know  that  the  size  of  the 
injurious  particles  is  so  small  that  "sharj)- 
ness"  can  be  neglected,  and  consequently 
most  invest iofators  have  abandoned  the  idea 
that  the  silica  injures  the  lung  in  a  directly 
mechanical  way.  The  manner  in  which  the 
dust  enters  the  lung  really  prechides  this. 
I)i     Mavrogordato  in  his  article  has  already 


described  this,  and  therefore  nothing  more 
need  be  said  beyond  repeating  that  the  dust 
is  carried  from  the  air  sacs  into  the  lung 
substance  by  cells  and  that  therefore  of 
necessity  the  lung  tissue  is  jDrotected  against 
mechanical  damage  by  the  enclosure  of  the 
dust  pai tides  in  the  soft  "scavenging"  cells. 
Theie  still  remains,  however,  a  good  deal 
of  confusion  on  the  question  of  insolubility. 

(Dr.  Orenstein  said  he  might  just  explain 
that  the  minute  particles  of  silica  were  very 
small;  they  got  into  the  air  passages  and 
were  immediately  engulfed  by  tissue  cells. 
They  would  remember  Dr.  JNIavrogordato 
showed  them  photographs  of  the  process. 
The  cells  entirely  engulfed  them,  and  siir- 
rounded  them  by  a  gelatinous  protoplasmic 
mass,  and  then  carried  them  into  the  lung 
substance.  Dr.  Orenstein  then  completed 
reading  the  paper  by  Dr.  Gye.) 

The  subject  may  be  discussed  first  by  a 
lefeience   to  geneial    principles. 

In  Older  to  bring  about  a  chemical 
leaction  in  a  test-tube  the  inter-acting  sub- 
stances  must  be  brought  into  the  most  inti- 
mate  contact,  which  is  j)rovided  bv  solution. 
I'erfectlv  drv  sodium  chloride  and  drv  silver 
nitrate  mav  be  mixed  intimately  and  kept 
in  contact  indefinitely  without  a  chemical 
change  occurring.  The  addition  of  water 
l)rings  the  salts  into  solution  and  immedi- 
ately insoluble  silver  chloride  is  formed. 
This  general  principle  is  applicable  to  the 
body.  Before  a  substance  can  exert  an 
appreciable  and  continuous  effect  on  living 
ti^sues  the  contact  must  be  nu)lecular,  or 
at  least  subpart iciilate,  that  is  colloidal.  We 
lecognise  this  in  ju-actice  in  our  methods  of 
combating  ])oisons.  When,  for  example,  a 
))erson  is  jjoisoned  with  oxalic  acid,  we  ad- 
minister as  soon  as  ))ossible  lime  water  in 
I  lie  hope  of  converting  the  soluble  oxalic 
acid  into  ins<,luble  calcium  oxalate.  Tin-! 
of  course  is,  strict Iv  si)eaking,  outside  the 
body  An  example  of  the  same  princijjle 
may  be  given,  however,  in  which  the  poison- 
ous substance  is  put  directly  into  the  tissues. 
The  barium  ion  is  very  poisonous  to  mam- 
mals, the  lethal  dose  of  barium  chloride  for 
nM<e,  let  us  sav,  being  parts  of  a  milli- 
gramme. Now  BaCl.,  is  a  soluble  substance 
and  we  know  that  its  ])oisonous  proi)erties 
are  due  not  to  the  chlorine  ions,  which  are 
an  abundant  normal  constituent  of  (he  body, 
but  to  barium.  Barium  sulphate,  an  in- 
i^oluble  salt,  may  be  injected  in  very  large 
doses  without  producing  any  injurious 
effects. 
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This  general  principle,  viz.,  that  a  sub- 
stance is  useless  to  the  tissues  unless  mole- 
cular contact  is  established,  is  seen  also  in 
the  processes  of  digestion.  Insoluble  food 
(e.g.,  egg  albumin)  is  broken  up  into  rela- 
tively simple  soluble  substances  before  ab- 
sorption takes  place. 

The  only  instance  I  can  call  to  mind  in 
which  insoluble  material  can  cause  appreci- 
able injury  is  where  the  hollow  viscera  or 
conducting  tubes  in  the  bodv  become 
blocked;  such  as,  for  example,  the  impac- 
tion of  a  stone  in  tiie  ureter. 

This  may  appear  to  be  a  laboured  argu- 
ment, but  the  manner  in  which  these  points 
have  been  consistentlv  overlooked  warrants 
a  brief  >tatement  of  principles  which  mav 
be  found  in  any  text  book  of  phvsiologv. 

It  is  thus  probable  that  either  (1)  the 
.•silica  is  slowly  converted  into  an  injurious 
substance  by  the  action  of  the  bodv  cells  or 
fluids,  or  (2)  that  the  silica  inhaled  is  not 
the  act'ial  poisonous  substance  but  that  it 
i.«  accompanied  by  a  soluble  material  which 
ha-s  not  yet  been  recognised.  The  first  con- 
clusion   is   almost   certainly   the   correct    one. 

What  is  the  probable  soluble  poisonous 
compound  into  which  SiO,  mav  be  con- 
verted? Again,  to  answer  this  question  it 
is  well  to  take  a  wide  view  of  the  part  plaved 
by  silica  in  the  vegetable  and  animal  king- 
doms 

When  a  plant  is  ashed'  silica  is  almost 
alwavH  found  in  the  ash.  Some  plants  (e.g., 
oal.«,  barlev,  tic)  contain  a  lelativelv  enor- 
mous  quantity — often  an  much  as  40  per 
rfiit  of  the  a."!!  rou'-i-'lH  of  SiO, — others 
much  less.  How  doe*  the  silica  gel  into  the 
plant  T  It  must  be  absorbed  from  the  soil 
and  it  in  not  merely  teasonable,  it  is  almost 
'■'Mn|>ul.<wjry,  to  a.vHume  that  it  is  onlv  the 
■  Me  form*  of  "ilica  which  can  \)e  absorbed 
The  common  <>oluble  compound.H  of  silica  are 
the    alk.  '        •    ble     colloidal 

•ilira  •  I    tlip    follow 

ing  formulae  to  the-*-      Na,  SiO,.    K,  SiO^. 
and  Si  ^OI(),.   it    rmi'l    }>*•  u  how- 

f>v§-r.    fli/if    there    forniuld*;    .:.  con 

The    {ant    nubntance,    frer|uently 
I    acid,     in     in     lealilv     I  he 

...      ,rm  of  SiO,       Sihra  '^SiO^) 

may  unite  with  walrr  in  ainiuni  anv  piopor 
tionii  from  S\()..  IMI.O  lo  roiij^hly  3fK)  SiO,. 
!?'  '*       '' '       •  -   •    of    lh«Mt4»  #«nit<t   sm   n   rlvitr 
'■  ,    lhi»   lajil    iti   lh«    prrnoiiH 

(one  opal         The   intermediate   romf>oundi 

pr,»»«'«i  '  .1- 

r.if'lif.;'  ,        ,  ud 


water:  the  smaller  the  proportion  of  water 
the   moie   solid   the  compound. 

Now  soluble  colloidal  silica  is  a  con- 
stituent of  soil.  It  exists  in  small  quanti- 
ties and  may  be  produced  either  by  means  of 
complex  chemical  changes  which  occur  in 
soil  humus,  or,  as  has  been  demonstrated, 
by  the  activity  of  soil  bacteria.  The  plant 
absorbs  the  colloidal  silica,  builds  it  up  inlo 
its  tissues,  and  when  the  plant  dies  and  de- 
composes SiO.^  is  once  again  restored  to  the 
soil. 

Animals  consume  plants,  and  in  this  wav 
small  amounts  of  silica  pass  into  the  anim.al 
body;  j)art  of  it  is  retained  and  part  is  ex- 
creted by  the  kidney,  liver  and  intestine. 

It  can  be  seen  tlieiefore  that  silica  circu- 
lates in  nature,  and  that  the  circulation 
depends  upon  the  ready  formation  of  a 
soluble  compound.  May  not  this  compound 
be  formed  in  the  lungs  of  men  who  inhale 
fine  silica  dust  ] 

The  direct  proof  of  this  would  appear  to 
be  a  relatively  easy  matter,  but  in  leality 
it  has  proved  to  be  very  difficult. 

We  are  therefore  ccmpelled  to  fall  back 
upon  indirect  methods,  the  fiist  of  which  is 
a  caieful  study  of  the  action  of  colloidal 
silica  on   the  bcdv. 

When  a  small  dose  (e.g.,  1  mgrm.)  of 
Si(OII),  is  injected  under  the  skin  of  a 
mouse  an  inflammatory  reaction  is  brought 
about  :  the  bicod  vessels  at  the  site  of  injec- 
tion btcome  dilated  and  pour  out  fluid  and 
cells  which  form  a  flat  yellowish  swelling. 
Careful  microscopic  examination  of  the 
lesion  slir)ws  that  the  cells  which  come  into 
contact  with  the  coucent rated  solution  of 
sili<-a  art  obviously  damaged  and  many  are 
killed.  When  the  <losp  is  Miiallcr  and  tln^ 
injection  is  upeated  the  lymplialic  diainago 
of  the  aiea  is  deranged,  the  iymphati*-  chan- 
nels becomiiH'  blocked  bv  acoiMuilal  ions  of 
c»lls  mostly  lymphoid  but  some  ciuhithelioid. 
The  filial  lesult  of  the  process  is  (he  prrxhic- 
tioii  of  fibro  blasts  which  event  nallv  form 
fibr«)Us  tissue. 

In)  rapentoneal  injections  of  relatively 
xmall  doHtv.  of  Moluble  silica  kill  an  animal. 
The  xiibnlain-e  hcI-  ii|)oii  the  pcriloiii-um.  but 
the  iiKinner  in  which  death  in  brought  about. 
Iian  not  yel   In'oii  delerinined. 

When  an  animal  iH  iiijccled  intravcnouHly 
with  colloidal  silica  in  doxi-s  nf  rou^hlv 
I  iiiKrni  to  |0  ^>rm*i  body  wr>ighl  thenninwil 
dii'h  III  n  few  ininnleM  of  f^enenil  clotting  of 
•  In-    blood  lleie    it     han    bfiMi    dct«Tiniiied 

1 1). it    I  III'    Hclidii    IS    iitmn    the   (tIIn   which    lino 
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the    blood    vessels.  Smaller     doses,     e.g.. 

10  iiigiuis.  for  a  rabbit,  may  be  injected 
intravenously  daily  for  months  without  any 
ajjparent  effect  ui)oii  the  health  of  the 
animal.  If  the  animal  be  killed  after  six 
months  of  such  treatment,  however,  it  is 
found  that  the  liver,  spleen,  and  kidneys 
have  become  fibiosed.  That  is  to  say  that 
small  doses  of  soluble  silica  are  able  to  exert 
an  effect  upon  the  organs  mentioned  which 
corres])onds  fundamentallv  with  the  lesion 
induced  bv  linelv  divided  silica  in  men  suf- 
fering fiom  miners'  phthisis.  It  has  been 
shown  tiiat  the  cells  which  are  j)riiiiarily 
affected — the  fibrosis  is  merely  a  conse(iuence 
of  cellular  injury — are  the  endothelial  cells 
which  normallv  provide  the  active  ])hago- 
cytic  cells  which  clean  up  inflammatory 
areas.  The  dust  cells  of  the  lungs,  whicli 
])lay  the  active  part  in  carrying  dust  into 
the  lung,  are  derived  from  the  cells  of  the 
lung  cupillaries.  In  silicosis  these  cells  are 
injured  and  are  fiiiallv  killed  by  the  load  of 
silica  which  tliev  caiiv.  This  process  has 
been  described  by  Dr.  ]\Javrogoi  tlato.  The 
])robabilitv  is  tliat  they  are  killed  bv  the 
minute  quantities  of  soluble  silica  ])io(luce<l 
within  them  bv  the  action  of  their  faint Iv 
alkaline  protojilasm  on  the  silica  dust.  The 
soluble  silica  a(ts  also  on  the  endothelial 
cells  lining  the  lymjjh  channels  which  finally 
become  blocked.  Fibrosis  takes  place  and 
eventuallv  the  so-called  silicotic  nodule  is 
])roduced.  The  long  ])eriod  of  time  that  it 
lakes  for  the  develo])meiit  of  fibrous  notlules 
is  easilv  understood  if  we  suppose  that  a 
continuous  suj^ply  of  soluble  silica  is  con- 
st ant  ly  formed  fioiii  the  particles  of  SiO , 
which  lie  in  Ivmpliatic  channels. 

From  the  above  consideration  of  the 
problem  of  silicosis  it  follows  that  tiie  fine 
dust  is  more  dangerous  than  the  coarse  dust. 
and  that,  therefore,  the  ])ractical  problem 
before  engineers  is  the  effective  removal  of 
the  finest  ])articles  of  silica.  Since  ultra- 
microscopic  particles  of  dust  are  ])roduced 
in  the  process  of  grinding  and  blasting,  and 
since  these  constitute  the  most  dangerous 
])art  of  silica  dust,  it  would  appear  that 
neither  koniometric  nor  gravimetric  methods 
of  estimation  are  likelv  to  vield  satisfactorv 
information  as  to  the  efTiciencv  of  preventive 
measures. 

(TT)  What  is  the  explanation  of  the  asso- 
ciation of  silicosis  with  tuberculosis?  The 
question  cannot  yet  be  satisfactorily 
answered.      Tho  effect   of  silica   in   damaging 


endothelium  which  is  a  normally  protective 
cell  against  tubercle  bacilli,  and  the  blocking 
of  lymphatic  channels  which  drain  away 
])roducts  of  metabolism,  together  constitute 
a  foimidable  handicap  to  the  protective 
mechanism  by  which  the  lungs  deal  with  in- 
fection. It  is  not  yet  jwssible,  however,  to 
state  in  i)recise  terms  the  process  by  which 
silica  predisposes  to  tuberculosis,  ilesearch 
upon  this  point  is  now  being  eagerly  pursued 
ill    Kiigland   and   in   America. 


Dr.  Orenstein  said  there  were  two 
points  Dr.  Gye  had  mentioned  when  he  de- 
livered his  paper  before  the  Witwatersrand 
Branch  of  the  British  ]Medical  Association. 
He  mentioned  that  in  the  early  days  of 
attempts  at  tissue  fixation — that  was  to  say, 
preparing  tissues  for  niicroscoj)ic  study, 
haideiiiiig  them,  one  might  say — l^na,  a 
worker  in  that  field,  used  silicic  acid  as  a 
fixative — that  was  to  say,  it  hardened  and 
fixed  tissues.  It  was  an  interesting  point. 
Of  course,  that  was  outside  the  body.  One 
of  the  things  that  happened  to  an  individual 
cell  in  connection  with  silicosis  was  a  ])ro- 
cess  com])arable  with  the  hardening  process 
to  which  the  microscopist  subjected  tissues, 
that  enabled  him  to  cut  thin  sections  and 
to  ])reserve  tissues  from  the  changes  which 
would  otherwise  take  place.  That  silicic 
acid  had  the  property  of  jireservation  and 
hardening  of  tissues  was  a  matter  of  inter- 
est. Another  thing  Dr.  Gve  had  mentioned 
was  that  beer  contains  large  quantities  re- 
latively of  soluble  silica;  whisky,  being  a 
distilled  liquor,  did  not  of  course  contain 
it.  It  was  a  curious  fact  that  the  fibrosis 
of  the  "hob-nail"  liver,  which  is  so  often 
found  in  people  who  for  nianv  years  in- 
dulged freely  in  alcohol,  had  been  consider- 
ed to  be  particularly  associated  with  beer 
drinking — large  quantities  of  strong  beers; 
and,  generally  speaking,  the  stronger  the 
l)eer  the  moie  silica  it  contained.  Those 
were  jioints  of  general  interest  which  l)ore 
on  the  question. 

He  might  say,  as  a  residt  of  Dr.  Gye's 
visit  here,  it  was  hoj^ed  that  the  experi- 
ments which  he  was  unable  to  ]nirsue  in 
England  on  account  of  lack  of  facilities, 
iiamelv.  the  determination  of  the  actual 
solubilitv  of  silica  in  the  juices  ex))ressed 
from  lungs  and  otlur  tissues,  would  be  car- 
ried into  e'fect  at  the  Govern mtnt  Veterin- 
ary Research  T.aboratories,  where.  of 
course,  they  had  any  quantity  of  tissue 
with  which  to  carrv  out   the  work.   He  hoped 
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some    light    might    therefore    be    thrown    on 
the  subject   from   South  Africa. 

One  thing  the  chemist  might  consider 
was.  how  to  determine  schible  silica,  qua 
soluble  silica,  without  having  first  to  con- 
vert  it  into  SiO,.  For  instance,  they  got 
samples  of  water  from  dolomite  areas,  and 
the  silica  present  was  expressed  as  so  much 
silica — sav,  .5  per  10.000.  One  would  like 
to  know  how  much  of  this  was  due  to  the 
dust  suspended  in  the  water  and  how  much 
was  soluble  silica,  which  was  dangerous. 
There   was   a   jirobltm    for   the   chemist. 

Mr.  H.  R.  Adam  said  he  would  like  lo 
make  one  or  two  l)iief  remarks  about  the 
hypothesis  from  the  point  of  view  of  the 
chemist,  because,  to  a  chemist,  it  was  rather 
a  d^a^tic  statement  to  make  that  colloidal 
("ilica.  could  be  produced  by  the  action  of  the 
fluid<:  of  the  lung  on  even  minute  qiiartz 
particles  in  the  time  available.  He  (the 
-peaker)  did  not  know  at  all  what  the  fluids 
were,  but  the  point  which  did  strike  him  in 
connection  with  the  mater  wa.s  that  the 
evidence  was  very  meagre  from  the  chemist's 
j>oint  of  view. 

Dr.  Gye  apparently  went  from  the  end  of 
the  problem,  and  finding  that  colloidal  silica 
could  act  a.s  a  poison  when  injected,  prac- 
tically on  that  bi  nmed  that  collni'lal 
silica  could  be  ]>■  i  in  the  lung.  Of 
course  he  (the  i'|>eaker)  was  not  competent 
•  matter  from  the  phvsiological 
1  ,  ...ply  wanted  to  make  the  point 
r>i.'ardini;  the  viie  of  the  |)articles  clear  if 
he   roil  Id. 

The  mo«lern  conception  of  the  colloidal 
Atate  of  tubittaiirt.H  wa.H  that  it  was  chiefly 
i  matter  of  particle  xize.  If  ihiH  view  wbh 
correct  there  wan  no  particilar  need  to  con- 
sider any  piocefM  of  "Mrliition"  in  the  lung 
lit^iue  when  ultramirrorcopir  parlicleH  wete 
'  wj-r*"  already 

(  ,  :  nil    being    the 

lunK    fli.  Dr.    Gye.    however,    evidently 

.ilkalitir  f1iii<l  of 
li..    — ^  — .illy  un  the  par- 

lulim, 

TJiere  were  other  |MiinlN  which  neenied  lo 
him  lo  '  '    ■  •  '  ■     ' mm. 

The  with    ihe    bariiiiii 

lon   wan  no  ani.tof(y   al   all,   beraiiM*   in   thin 

■'         •      '   •   reaifi'nl    which   watt   in   true 

i       i<t,     ioiiiit«><l        Any    reaction 

that  took  place  in  connect  ion  wiih  Ihe  col- 

j,     ■    ■  »1(  w    '  '  '•'! 

I  ill      IkiI  II 

I  lono 


There  was  just  one  other  point  he  would 
like  to  make.  Dr.  Gye  mentioned  that 
direct  proof  that  it  was  possible  for  colloi- 
dal silica  to  be  formed  in  the  lung  had 
proved  to  be  very  diflicult.  He  could  quite 
imagine  that  that  was  so;  but  it  seemed  to 
him — he  was  glad  to  hear  Dr.  Orenstein  say 
it  was  going  to  be  tackled — direct  proof 
should  be  possible,  because  a  silicotic  lung, 
according  to  the  hypothesis,  should  be  m 
the  process  of  forming  colloidal  silica.  It 
ought  to  be  possible  to  prove  or  demonstrate 
whether  any  appreciable  part  of  the  silica 
in  the  lung  tissue  was  in  the  colloidal  state; 
for  exam})le.  it  was  quite  ]wssible  to  sep- 
arate particles  of  different  degrees  of  minute 
size  by  dififerent  grades  of  filter  pajjcr.  In 
some  such  wav  would  it  net  be  possible  to 
demonstrate  whether  any  process  of  solu- 
tion was  taking  place? 

lie  had  brought  up  these  jioints  rather 
hurriedly,  but  it  seemed  to  him  that  the 
chemical  evidence  was  insufticienl  on  such 
an  important  question. 

Mr.  H.  R.  S.  Wilkes saitl  the  paper  which 
Dr.  Orenstein  had  read  had  raised  a  point 
that  was  very  interesting  to  all  assayers. 
-^s  an  assayer,  he  would  like  to  make  a 
point.  Conditions  were,  of  course,  infinitely 
better  new.  but  in  the  old  davs  they  used 
to  work  in  a  far  worse  atmcsj)here,  as  far 
a-s  quantity  of  dust  was  concerned,  than 
usually  obtained  underground;  yet  there 
was  not  one  single  assaver  to-day  known  to 
be  suO'eiing  from  silicosis,  excepling  in 
cases  where  it  had  l)een  prove!  that  he  had 
worked  below  before  he  W(  rked  as  an 
assayer.  I'ersonallv.  he  had  worked  in 
former  years  in  an  atmosphere  of  dust,  and 
yet  he  held  a  certificate  that  le  was  absi- 
hitely  free  from  silicosis.  lie  mentioned 
these  points  because  In-  had  always  been 
under  the  iiiipresHion  that  the  -harp  parti- 
cles in  mine  dust  stuck  in  (In-  lung  tissue 
and  caiiKed  legions,  whih-  I  In-  dii.si  wiih 
which  avayers  had  to  deal  was  rouiilrd  by 
allrilion  in  the  fino  crushers  and  tin-  imll 
flow,  an<l  was  cense  iiiently  reniovid  during 
•  xhalalion  or  with  the  spiiliim.  ||«.  would 
liko  thai  potni  broii^'ht  out  in  Id  ilyv'n 
.•«-|»ly, 

Mr.  C.  J.  Gray  iliou^-lii  ihc  So  n-ly  wnn 
j(r«-ttllv  indrbi.d  t(,  Mr.  (Jye  for  his  cmi- 
inbiilion.  They  were  also  indebted  to  Mr. 
K  I'aiii,  who  wn«.  he  iind«Tt<l«iod.  iiiHlru- 
iiieiiliil  in  K«'lting  hr.  (Jye  In  lake  an  in- 
irrcut   in  Ihe  mailer,   and  lo  Dr.  OreiiHlein, 
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who  not  only  read  the  contribution,  but 
had  given  an  elaboration  and  an  explana- 
tion   which    had    made    it    more    valuable. 

There  was  only  one  question  which  he 
wished  to  ask.  They  knew  that  silicosis 
was  produced  in  particular  mining  districts; 
other  mining  districts  did  not  produce  sili- 
cosis to  any  considerable  extent.  lie  was 
thinking  more  particularly  of  Kimberley. 
In  Kiml)erley  mining  had  gone  on  for  a  con- 
siderable number  of  years,  and  from  per- 
sonal observation  he  should  say  that  the 
men  working  there  breathed  a  considerably 
larger  amount  of  dust  than  those  on  the 
mines  on  the  Rand.  It  was,  however,  gen- 
erally understood  that  little  or  no  silicosis 
was  produced  in  Kimberley.  The  difference 
must  lie,  he  should  say,  in  the  character 
of  the  dust.  The  dust  here  on  the  Rand, 
which  was  su))j)osed  to  produce  silicosis,  was 
pure  silica  or  quartz  dust ;  while  at  Kim- 
berley the  dust  would  consist  mostly  of 
magnesium  s-licates.  If  ])r.  Gye's  tlieory 
was  correct  they  must  assume  that  the  dust 
produced  from  these  magnesium  silicates 
was  not  soluble  in  the  lung  fluids  in  the 
same  way  as  was  pure  quartz  dust ;  or,  if 
it  was  soluble,  that  it  did  not  produce  sili- 
cosis— the  solution  did  not  carry  silica  into 
the  blood  or  into  the  vessels  in  the  same 
form  that  a  solution  of  quartz  would  do. 
It  was  really  a  chemical  question  as  to 
whether  one  of  these  complex  magnesium 
silicates  will  dissolve  in  alkaline  fluids,  such 
as  he  understood  existed  in  the  lungs  to 
the  same  extent  as  quartz  itself;  aiul,  if  so, 
whether  there  is  any  difference  in  the  char- 
acter of  the  silica  in  the  solution  which  is 
formed.  He  thought  that  was  a  jioint 
which    might    be    cleared    up. 

Mr.  H.  A.  White  thought  Mr.  Gray 
had  raised  a  very  interesting  po  nt.  Of 
course,  if  they  were  dealing  with  in 
acid  solution  no  dcubt  magnesium  sili- 
cate  would  be  much  more  soluble  than 
pure  silica;  l)u(  if  they  were  dealing 
with  a  slightly  alkaline  solution  it  seemed 
to  him  very  much  more  jn'obable  thai 
the  pure  silica  would  be  verv  unich  more 
readily  dissolved  than  an  alkaline  earth 
silicate.  Some  fourteen  years  ago  experi- 
ments were  made  by  him  as  to  the  effects 
cf  lime  on  the  settlement  of  slime.  lie 
kej)t  a  solution  of  lime  containing  al)out  O-O."? 
per  cent,  of  C'aO,  about  quarter  its  weight 
of  slime;  he  kept  that  shaken  repeatedly 
in  a  stoppered  liottle,  and  by  regularly 
titrating  it  for  about  three  months  he  found 


that   the  alkalinity  steadily  disappeared;    so 
that  in  about   thirty  days' half  of  the  alka- 
linity  had   gone,      this  indicated   that  com- 
bination   between    the    finely    divided    silica 
present  in  the  slime  and  the'slightly  alkaline 
solution   of   lime  certainly   took   place.      Dr. 
Gye's  jiaper  had  shed  very  new  and  valuable 
light    upon    this    miners'"  phthisis    question, 
and  he  thought  that  what  they  really  ought 
to   be   devoting    their   attention    to   now   was 
as  to  how  they  could  utilise  the  information 
that    was    put    before   them.       It   was   quite 
clear   that    their  present   methods  of  testing 
for    the    presence    of    silica    in    the    air   were 
inadequate,    and    it  seemed   to    him    possible 
that    they   would   have   to   turn    their   atten- 
tion to  an  optical  method,  especially  as  the 
film   that  Dr.    Orenstein   referred   to  showed 
up  very  clearly  by  means  of  strong  lighting 
the  ])resence  of  the  dangerous  silica  in   the 
air,  whereas  to  the  naked  eye,   and  without 
that    particularly    powerful    lighting    it    was 
not    visible  at    all.      Therefore,   it  seemed   to 
him    an    optical    method    by    means    of    very 
powerful  illumination   and    possibly  examin- 
ation   from   the   jioint   cf  view  of  how  much 
of  the   light    that    is   reflected   was  ])olarised, 
might  give  them  some  idea  of  the  contamina- 
tion still  affecting  the  air  in  our  slopes.     lie 
was    afraid    they    had    been    devoting    their 
energies  in  the  past   principally  to  counting 
or  weighing  those  coarser  particles  of  dust, 
which  had   not    been  doing  the  mischief. 

Dr.  A.  Mavrogordato  pointed  out,  with 
regard  to  the  solubility  of  silica,  that  when 
he  started  on  (his  work,  some  eight  years 
ago  in  Dr.  Ilaldane'  Laboratory,  they  asked 
themselves  the  same  question  that  Dr.  Gye 
put  uj) :  Was  it  the  silica  itself  that  did 
the  mischief,  or  possibly,  some  other  soluble 
substance  that  was  associated  with  it?  With 
a  view  to  testing  that  they  exposed  animals 
to  inhalation  of  ])ure  ])reci})itated  silica.  If 
they  exjiosed  animals  to  silica  prepared  in 
that  wav,  in  a  much  greater  concentration 
than  they  had  exposed  them  to  the  mineral 
dust,  it  (lisa))peared  from  the  lung  at  a 
remarkable  pace;  it  did  not  stay  there. 
Animals  that  had  been  exposed  to  ])recii)i- 
tated  silica  and  kept  under  observation  for 
a  similar  time  to  animals  exposed  to  smaller 
amounts  of  mineral  silica  developed  no 
lesions  at  all.  It  was  on  the  strength  of 
that  experiment  that  he  came  to  the  con- 
clusion that  silica  might  be  soluble  in  the 
tissue  juices,  and  that  the  peculiar  be- 
haviour of  mineral  silica  by  contrast  with 
other    dusts    might    be    relaied    to    its    slow 
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solubility  in  the  cells.  He  put  forward  this 
view  in  a  paper  read  before  the  B.M.A.  in 
that  room  something  over  a  year  ago,  and 
he  entirely  agreed  with  Dr.  Gve's  view  that 
the  behaviour  of  silica  was  related  to  its 
solubility,  and  its  peculiar  behaviour  on  the 
cells  that  took  it  up  bv  contrast  with  ether 
dusts  was  finally  due  to  the  fact  that  soluble 
silica  was  formed.  He  did  not  see  how  one 
could  account  for  the  disappearance  of  the 
precipitated  silica  apart  from  its  solution. 
Except  in  the  above  series  he  had  worked 
throughout  with  the  mineral  dust,  and  not 
with  the  colloid,  and  he  had  jier formed,  at 
one  time  or  another,  many  of  the  experi- 
ments with  the  mineral  that  had  been  done 
with  the  colloid  in  London :  that  was  to 
say,  he  had  injected  suspensions  of  the 
mineral  silica  into  the  veins.  He  had  fed 
silica  in  large  quantities  to  animals  in 
mineral  form,  when  it  produced  no  damage 
whatever,  as  far  as  he  could  make  out,  and, 
what  was  more,  an  examination  of  the 
organ.s  showed  no  presence  of  mineral  silica 
particles  when  mineral  silica  was  fed.  That 
was  in  very  marked  contrast  to  what  hap- 
pened when  it  was  given  by  inhalation, 
when  particles  could  be  detected  all  over  the 
body.  Again,  when  he  injected  the  mineral 
in  ion   into  a  vein    it    reached   all   the 

ore  •-  .'lie  much  more  than  others,   more 

';  facially  the  lungs,  liver  and  spleen.  He 
had  drawn  the  conclusion  that  since  thev 
'(J  lid  find  plenty  of  mineral  silica  in  the 
liver  and  spleen  it  would  produce  the  same 
»-fI»-<-t«  in  the  liver  and  vphen,  if  it  staved 
there,  a.4  it  produce^J  in  the  lungs,  and  this 
waM  entirely  in  keeping  with  the  results 
obtained  by  I>r.  Gye  with  colloidal  silica. 
I'       ^     '     '  ''I    finely    divided    sterilised 

■I  the  peritoneal  cavity  and 
{>roduced  the  name  efTect  in  the  peritoneal 
cavity  that  thev  got  m  the  lung.  The  fact 
that  mineral  tallica  and  colloidal  silica  both 
j'T'  )  '.-d  the  iiame  type  of  action  wait  muHt 
readily    e>  •  i    on    the  lioii    that 

mineral    ri..    ^    ,  i.  h^hJ    into  <  ..il   Holution 

in  the  timue  juicei. 

As  to  the  danger  of  ultra-niicrovcopic  par- 
t    '        ^       '    '   not  think  il   v  ortant 

A  Am  he  had   ■>  d,   thi? 

■tnimalii    which    rervive<l    the    large   <iot>eN   of 

I    did    not    get    any    d  ■ 
.1  ■  aN    '  III     (xiiiit    thill 

hire 

The    nril    ptnut    wax    xome    evrdenre    ihry 
.1    ....     irnnt    the    >',:     -i     M-ireaii.       One 
k  if  ihe  •'  i  got  all  over 

'he  borly  in  the  r<y|iiire«l  cinrrnlration  thai     { 


then  their  patients  would  get  tuberculosis 
all  over  the  body,  and  not  only  in  their 
lungs.  As  a  matter  of  fact  the  most  striking 
part  about  il  was  that  the  damage  in  white 
men  was  almost  always  confined  to  the 
lungs.  If  they  took  the  native,  whose  tuber- 
cle was  usually  generalised,  they  would  fiml 
he  very  rarely  had  ircll-murkvd  clinical 
silicosis;  but,  on  those  rare  occa?ions  when 
he  did  get  well-marked  clinical  silicosis,  then 
the  tubercle  was  usually  confined  (o  (he 
lungs,  and  not  spread  about.  He  woulil 
e.xpect  that  if  the  fin.st  silica  inhaled  spread 
all  over  the  body,  one  would  get  tubercle 
all  over  the  body.  There  was  ahvavs  a  cer- 
tain amount  of  silica  present  in  all  living 
tissues,  as  Dr.  Gye  had  ])ointed  out,  and  the 
reaction  depended  on  the  aniouiil  present; 
to  produce  pathological  effects  it  had  to 
reach  a  certain  concentration.  The  first 
thing  (hat  happened  when  silica  inhaled  was 
retained  in  the  lung  was  an  obs(ruc(ion  (o 
the  interchange  of  tissue  fluids.  ]n  (hose 
obstruc(ed  areas  of  (he  lung  where  lluv  had 
(he  s(oppage  of  in(erchange  between  (he 
tissue  juices,  the  silica  went  on  dissolving 
and  was  able  to  reach  concen(ra(ions  com- 
parable to  (hat  olxained  wi(h  colloid  injec- 
tions, and  thus  the  dust  did  its  damage. 
Supposing  (hey  did  not  have  any  obs(ruc- 
(ion  which  raised  (he  local  concenl ration, 
he  himself  doubted  whether  i(  would  reach 
a  general  conceii(  ra(ioii  sufficient  to  do 
damage.  He  thought  (he  (wo  rac(ors,  (he 
soliibili(y  of  the  silica  and  (he  obstruction 
which  enabled  (he  dissolved  silica  to  accu- 
mulate, had  to  be  taken  in(<)  considcral  ion 
to  acc<)un(  for  what  happened  in  connection 
with  miners'  ])h(hisis. 

As  regards  (he  animal  (es(s,  (heio  was 
one  iii(rres(iiig  (hing  he  could  tell  tlioin 
about.  Ill  1915  or  IDh;  Dr.  Wall  and  his 
fellow  workers  ki-pl  rats  niidciMrroniid 
ex|>osed  to  iiiiich  the  same  <(>ii<lit  ions  as  tli« 
men,  and  they  were  lell  t  liioiigliout  I  ho 
Iwenly.-loiir  hours;  they  were  not  taken 
out  H(  night,  and  were  exposed  to  the  dust, 
after    blu-tiiig.  Those    animals    <level()|)ed 

HiliooHiH  in  about  oighl  months.  Mr.  Pirow, 
(»f  Ihe  Mines  Depart ment.  had  been  keeping 
latH  iindergnMUid.  repeating  Dr  Walls' 
experiiiioiil.  He  had  been  exaiiiiiiiiii;  the 
luiigH  of  ihoKc  ralM  for  Mr.  I'irow  II.  had 
examined  two  laNi  week,  for  iiis|)iii<e  In 
th«»Hi}  two,  whioh  hud  been  iindeigiDiiiid 
»tinc«.  .January.  1921— thai  wan  (o  nay,  nearly 
double  ihe  tiiiif^  Dr.  Wat  In'  were  under- 
ground  I  hole  waH  no  rvideine  of  the  i^ilira 
doing     any     dnmngr,     all  hough     there     wan 
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plenty  of  silica  lying  about  in  the  lung,  lie 
thought  that  was  rather  an  interesting  fact 
and  did  sugges^t  that  even  within  the  las::t. 
six  years  ae  conditions  had  changed  advan- 
tageously. They  now  hoped  to  carry  out 
these  animal  tests  on  a  larger  scale.  As  a 
pathologist  he  had  no  enlhusiasm  for  any 
mechanical  test  such  as  the  konimetric  or 
gravimetric.  In  England  miners  were  also 
up  against  dangerous  conditions  which 
could  not  be  detected  by  the  senses,  for  in- 
stance the  gases  in  the  coal  mines.  What 
they  did  was  to  keep  small  animals  nndev- 
grouud,  such  as  mice  and  birds.  Small 
animals  were  the  best  test  they  were  going 
to  have  for  the  hvgienic  ctMidition  of  their 
mines  here,  and  l)y  carrying  on  this  work 
of  Mr.  Pirow's  on  a  larger  scale,  and  by 
comparing  the  health  of  animals  under- 
ground exposed  to  various  different  condi- 
tions, perhaps  they  would  be  able  to  get  on 
to  those  ])laces  which  require  most  attention; 
the  way  the  animals'  lungs  behaved  should 
help  them  a  great  deal.  As  regards  the 
native,  the  same  applied  to  him  ;  it  was  not 
onlv  tubercle  and  silicosis  from  which  (he 
natives  suffered;  animals  exposed  to  the 
same  conditions  as  the  native,  both  above 
and  below  ground,  might  leach  us  where  (he 
native  conlrac(ed  his  conn)lain(s.  He  might 
say  he  coidd  not  agree  thai  (he  nai've  was 
free  from  silicosis.  He  had  no(  had  any 
prac(!ca)  experience  in  examining  (he  ua(ive 
for  clinical  silicosis,  but  had  had  a  good  deal 
of  experience  in  examining  natives'  lungs. 
Within  (he  last  two  weeks  he  had  seen  the 
luners  of  two  natives  who  had  perfectly 
definite  silicosis  when  studied  post  niorfcni 
and  under  the  microscope.  He  did  not  know 
how  far  the  figures  were  reliable,  but  neither 
of  them  had  been  at  work  here  for  nu)re 
than  three  vears.  according  (o  (heir  jjapers. 
As  Dr.  Orenstein  had  pointed  o\i(,  a  good 
deal  of  (hat  three  years  wa?  probably  not 
spent  as  a  miner  on  the  T?and.  Thev  could 
not  compare  (he  whi(e  miner  here  with  (he 
miner  in  Europe,  Australia  and  America. 
Tie  had  usiiallv  three  or  four  drills  un- 
der his  supervision,  he  was  no(  behind  a 
drill  the  whole  of  the  shift  :  during  his  shift 
he  was  onlv  s])e!idin£j  a  small  i)iopor(ion  of 
(he  time  actually  Iiehind  (he  drill,  whereas 
the  native  spent  a  much  longer  time  there. 
He  thought  they  had  (o  keep  (heir  eve 
on  (he  na(ives'  lungs  rather  carefully.  All 
figures  were  at  present  based  on  white 
miners'  statistics.  The  na(ive  was  much  more 
comparable,  as  far  as  drilling  went,  (o  (he 
drill  7nan  in  England  and  America,  in  (he 
wav  he  was  exposed  (o  (ht    duH     He  thongh( 


that  if  he  developed  silicosis  at  all  he  de- 
veloped it  earlier  than  did  the  white  man, 
and  he  thought  it  was  because  he  stood  be- 
hind his  drill  for  a  much  longer  time. 
Native  drill  men  are  a  test  of  drilling  con- 
ditions on  a  large  scale,  and  he  would  like 
to  see  the  grouj)  of  native  drill  men  isola(ed 
and    watched. 

Dr.  A.  J.  Orenstein  said  that  while  the 
subject  was  still  fresh  in  their  minds  per- 
haps he  might  answer  questions  now  rather 
than   at    the   next   meeting. 

With  regard  (o  !Mr.  Adam's  remarks  on 
barium  ions,  Dr.  Gj'e,  in  his  paper,  did  not 
use  barium  ions  as  an  analogy  for  the  action 
of  the  tissue  juices  on  silica,  but  merelv  as 
an  illustration  of  the  point  (ha(,  in  order 
to  ])roduce  poisonous  action,  generally 
speaking,  they  had  to  have  a  schition,  and 
that  (he  barium  ion  was  the  poisonous  sub- 
stance, and  not  (he  chloride,  in  that  par- 
ticular instance,  and  the  poisonous  combin- 
ation was  brought  about  by  the  breaking 
down  of  the  barium  chloride  into  the  barium 
ions  in  a  true  solution,  just  as  he  had  used 
the  illustration  of  dry  salt  and  drv  silver 
nitrate. 

In  answer  to  Mr.  Adam's  other  question, 
wi(h  regard  to  the  ultra-microscopic  par- 
ticles, ])erhaps  it  was  a  fault  of  Dr.  Gye's 
paper  that  it  did  not  make  quite  clear  what 
was  meant.  He  was  quite  sure  he  did  not 
mean  ultra-microscopic  in  the  sense  that 
Mr.  Adam  took  it  (o  be.  He  felt  he  would 
be  quite  correct  in  stating  that  the  micros- 
co])ic  ))articles  Dr.  Gye  spoke  of  were  ultra- 
microsco))ic  in  (he  prac(ical  microscopy 
sense  rather  (hau  in  (he  physio-chemical 
sense. 

There  was  very  meagre  evidence  in  Dr. 
Gyie's  paper  of  direct  sohUion  of  silica  in(() 
colloidal  silica  or  silicic  acid,  as  he  called  i(. 
He  ((he  speaker)  qui(e  agreed  (he  pajjer  did 
not  cover  that  ground  fully;  it  did  not  pre- 
tend to  cover  i(  ;  bu(,  as  Mr.  Adam  had 
said,  i(  reasoned  backwards.  It  was  merely 
said  (ha(,  bv  injecting  colloidal  silica  cer- 
tain lesions  were  produced,  comparable  (o 
those  ])roduced  by  small  particles  of  silica. 

As  (o  assayers  being  free  from  miners' 
)ih(hisis,  (here  were  possibly  many  reasons 
for  (ha(,  without  taking  in(o  accoiint  Dr. 
Gye's  (heorv.  One  explanation  was  (ha( 
(he  par(icles  were  different  from  those  en- 
countered underground  in  phvsical  ]iroper(y 
and  consequent  chemical  action.  The  o(her 
one.  and  the  one  to  which  he  thought  he 
drew    adonlion    some     (ime     ago,      was     the 
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enormous  difference  in  the  proportions  of  a 
given  amount  of  dust  one  actually  inhaled 
under  different  air  conditions — that  was  to 
say,  the  agitation  from  the  movement  of 
the  air  in  a  given  place  where  dust  existed 
would,  in  the  long  run,  play  an  important 
role,  because  it  would  influence  the  amount 
one  inhaled.  Ff  they  had  an  enormous  dust 
cloud  in  which  thev  stood,  and  a  strong 
stream  of  air  was  playing  at  right-angles  to 
their  nasal  passages  and  their  mouth,  they 
would  not  inhale  as  much  of  the  dust  as  if 
they  were  surrounded  bv  a  similar  cloud  of 
dust  in  a  quiet   atmosphere. 

Mr.  Gray's  question,  the  speaker  pro- 
ceeded, was  answered  bv  Mr.  White.  In 
one  case  they  would  deal  with  alkaline 
silica  compound,  and  if  solution  did  take 
place  in  the  lungs,  it  was  bound  to  be  in  an 
alkaline  medium;  consequently  thev  would 
not  get  soluble  colloidal  silica.  The  juices 
of  the  body  were  alkaline,  and  the  point 
Mr.  Gray  had  made  rather  stipported  the 
theor\'  that  free  silica  would  be  rather  more 
dangerous   than,   say,   a   magnesium   silicate. 

He  was  particularly  indebted  to  Mr. 
White  for  mentioning  the  experience  he  had 
had  that  water  with  lime  in  solution  lost  its 
alkalinity  more  rapidly  in  the  presence  of 
silica.  lie  would  communicate  this  to 
Dr.  Gye  and  to  the  men  who  so  kindlv 
promi.se<l  to  carr\'  on  the  experiments  at 
Onderstepoort. 

Dr.  Mayrogordato  had  raised  a  number  of 
very  ig    jK*inls    which    he    did    not 

think  required     further     exposition, 

excepting  that  he  would  like  to  make  a  re- 
mark on  thf  qtif^tion  of  the  imporlaiire  of 
the  evidence  obtaiiifd  bv  krcping  animals 
underground.  Without  desiring  to  throw 
any  doubt  at  all  on  the  rei>earrh  carried  out 
by  the  gentlemen  who  did  it  in  191')- IC,  it 
wan  alwavd  dangeroiDi  to  compare  niicrox- 
copic    patbologiral    research    carried    out    by 

'  ■ ',    the    inirr 

•  I  out    bv   .1 
group  of   people.         lie   thought   when   Huch 

'     '  ••atoMt   rare 

...  ^    be    kept 

under  exartlv  nimilar  conditionn.  add  alvo 
of    '  it        The    niirTf»t 

cop.      ..   . , ..    .  ;.<r  aiutayiiig  of   the 

amount   of    diM>ai«    in    the    varioun    animalM 
:   he  done  by  the  name  (>er«on,  or  per- 
'•>!>•>  'li  equal  degree*  of  competence. 


V 

rot, 


'I  lo  n.i' 


'••I    were 
ilie      III 


silicosis,  that  was  the  general  impression  — 
that  was  to  say,  in  a  given  number  of 
natives  it  was  supposed  that  not  so  manv 
developed  silicosis  as  in  an  equal  number  of 
European  miners.  A  great  many  errors 
I  creep  in.  ^^  very  striking  thing  was.  onlv 
a  few  days  ago  he  had  finished  compiling 
I  the  silicosis  and  tuberculosis  statistics  of 
I  natives  throughout  the  whole  of  the  Wi*^- 
watersrand  for  1916  to  1920,  inclusive. 
Those  were  the  years  in  which  the  present 
method  of  examining  and  compensating 
natives  had  been  in  operation  without  any 
modifications  which  would  seriously  affect 
the  results.  It  was  an  extraordinarv  thing 
that  ill  the  last  five  years  the  number  of  pure 
silicosis  and  of  silicosis  with  tuberculosis 
cases  among  natives  on  the  Wilwatersrand 
had  more  than  doubled,  and  there  was  a 
particularly  marked  lise  in  the  curve  in  the 
years  1919"and  1920.  He  was  afraid  it  could 
not  be  put  down  solely  to  more  careful  ex- 
aminations. He  was  afraid  the  natives  were 
getting  more  silicosis  than  they  were  getting 
five  years   ago. 

According  to  the  Miners'  Phthisis  ^ledical 
Bureau  there  had  been  a  marked  decrease  of 
silicosis  among  white  jieople.  Unfortunately, 
to  those  of  them  who  hail  taken  the  trouble 
to  read  the  statistics,  it  appears  that  the 
data  was  submitted  in  rather  an  incomplete 
and  unsatisfactory  manner,  and  the  deduc- 
tions drawn  in  the  reports  were  not  alto- 
gether such  as  would  satisfy  one  that  no 
very  serious  olijections  could  be  raised 
against  them.  That  was  one  reason  why  he 
personally  had  always  been  pressing  the 
Government  at  every  opportune  moment  to 
have  a  careful  statistical  invest  igat  ion  into 
I  this  silicosis  question.  The  whole  prohleii 
was  enormously  complicated  by  the  fact  that 
for  the  la«t  three  or  four  years  appiox: 
mately  half  of  the  iiumi  underground  had 
been  carefully  selected  hy  physical  examina- 
tion ami,  iiaturallv.  a  great  inl  r(>ducl  ion  of 
BUi-h  people  would  vitiate  any  statistics 
crudely  taken  out.  They  niUHt,  as  the  sta- 
ti«lirianK  nav.  weight  their  deduct  ion.s  by  tli<> 
error  of  that  great  number  of  sperially 
•eledeel  peo|)le.  lie  did  not  want  thorn  to 
go  away  with  the  impreMHion  that  he  had 
raid  the  nAliyen  were  free  from,  or  imnnine 
to,  nilicoHin;  he  iiiere-lv  Haid  the  general,  pre- 
vailing opinion  waM  that  they  wore  relatively 
immune,  even  with  the  iiicrea-'e  in  the  last 
yearn  they  were  hi  ill  rt'lalively  immune,  Iml 
that  nialivitv  in  the  Innt  tlhree  yearn  had 
been  marke«Ilv  reduced  in  rnlio,  if  fho 
figure*   lf»    hand    aie    at    all    correct. 
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The  President  ve  ma  iked  that  it  was 
a  plea'fuie  to  note  the  renewed  construc- 
tive interest  which  was  being  taken  in  this 
subject. 

SYMPOSIUM:   miners'  PHTHISIS. 


(Coninuinicated . ) 
Dr.  J.  Moir:  T  have  read  Dr.  Gye's 
lengthy  contribution  with  considerable 
interest.  It  contains  a  new  idea,  and  is 
therefore  worthy  of  scientific  consideration 
without  bias;  but  I  must  confess  that  the 
impress-on  which  it  leaves  on  me  is  that  of 
a  mare's  nest  ! 

There  is  no  difficulty  in  conceiving  that 
silica  may  circulate  in  solution  in  the  blood, 
biit  there  is  grave  difficulty  in  believing  that 
crystalline  silica  can  dissolve  fast  enough  in 
body-fluids  which  have  an  alkalinity  which 
is  only  N/ 1,000,000.  Why  did  not  the 
author  test  this  point  experimentally  with 
N/ 1,000, 000  caustic  soda?  I  consider  it  is 
a  scientific  crime  to  write  such  a  lengthy 
contribution   on  such   evidence. 

Secondly,  what  is  the  object  of  injecting 
a  large  dose  of  soluble  silicic  acid  into  an 
animal  1  Any  chemist  would  foresee  that  the 
unstable  soluble  colloid  would  be  coagulated 
by  the  salts  in  the  blood  and  tissues,  and 
that  the  particles  of  coagulum  would  be 
caught  in  the  narrows  of  capillaries,  etc. 
Why  did  they  not  inject  a  soluble  sijica  mix- 
ture which  was  isotonic  with  the  blood,  and 
of  the  same  alkalinity  as  the  blood  ?  They 
did  not  give  their  victims  a  fair  chance.  It 
appears  they  caused  death  in  an  animal  by 
iniecting  a  dose  of  silicic  acid  equivalent  to 
110  grains  in  a  man.  They  do  not  tell  us 
what  strength  of  solution  was  used  so  that 
we  could  judge  how  foreign  to  the  blood  the 
mixture  was,  nor  have  they  performed  check 
experiments  with  other  colloids.  What 
would  hapi)en  to  a  man  who  got  an  injection 
of  110  grains  of  colloidal  ferric  hydrate? 

The  author's  theory  may  be  correct,  but 
his  evidence  does  not   prove  it. 


THE    ACTDTTY    OF    MINE    WATERS. 


By    F      W      Wat.son,     HSc,     F.I.C.,     and 
11.   A.   Cooper. 


(Printed  in   Jonrmil,   St  ptf  inhcr,    1921.) 
REPLY    TO    DISCUSSION. 

Dr.    Moir  has   raised    a  point   of  consider- 

;'iilc   iiileiest    in    his  discussion    of   this  paper. 


We  refer  to  the  problem  of  deciding  which 
are  the  most  actively  corrosive  compounds 
in  our  mine  waters,  and  at  what  concentra- 
tion a  corrosive  compound  becomes  dan- 
gerous. Dr.  Moir  considers  that  the  prob- 
lem of  corro.sion  of  iron  and  other  metals 
underground  does  not  wholly  depend  on 
acidity,  but  in  pai't  depends  on  the  direct 
action  of  ferric  sulphate  (without  acid)  on 
metallic  iron.  It  appears  to  us  that  as  ferric 
sulphate  in  the  concentrations  usual  to 
underground  waters  is  ionised,  the  result- 
ing [H"]ion  concentration  is  normally  the 
measure  of  the  corrosive  nature  of  the  water. 
Aluminium  sulphate  ajjpears  to  be  almo.st 
equally  as  corrosive  as  ferric  sulphate,  and 
waters  containing  neither  ferric  sul])hate  nor 
"free"  suli)huric  acid  may  be  powerfully 
corrosive. 

In  some  cases  at  least,  however,  it  is 
apparent  that  corrosive  action  is  rendered 
more  vigorous  by  the  presence  of  copper 
sulphate  which  introduces  the  factor  of 
electrolysis  by  deposition  of  metallic  copper. 
Possibly  also  nickel  and  manganese  sulphates 
may  have  somewhat  similar  effects  or  may 
act   as   catalysts. 

The  question  of  carrying  out  corrosion  ex- 
periments on  different  kinds  of  iron  or  steel 
is  a  complicated  one.  In  the  first  place 
practically  no  two  pieces  of  metal  are  iden- 
tical, and  local  segregations  of  impurities 
weaken  the  resistance  of  all  common  steels 
in  varying  degrees,  while  metal  under 
stiains  due  to  deformation  not  followed  by 
annealing  has  a  lowered  resistance  to  corro- 
sion, so  that  it  is  difficult  to  obtain  concord- 
ant results.  Secondly,  in  closed  systems  the 
speed  of  flow  and  the  pressure  of  the  water 
are  vital  factors.  As  an  instance  of  this  we 
may  quote  the  case  of  a  water,  from  a  large 
reservoir,  with  a  hydrion  concentration  of 
about  [irj  =  1  X  10-*^;  in  other  words  the 
water  was  very  faintly  acid  to  INIethyl  Red 
indicator,  and  contained  traces  of  aluminium 
and  ferrous  sul])hates.  Owing  to  the  very 
large  volume  of  water  present  the  composi- 
tion did  not  vary  appreciably  over  long 
periods.  This  water  was  ])uinped  for  a 
number  of  years  by  an  ordinary  plunger 
pump,  but  recently  an  increased  ])uni])  duty 
became  necessary  and  a  centrifugal  pump 
of  similar  metal  to  the  plunger  was  installed. 
The  speed  and  pressure  of  the  water  were 
considerably  increased,  and  the  new  pump 
and  the  ])ipe  line  were  almost  immediately 
destroyed,  the  pump  impeller  being  reduced 
to  a   mere   network. 


Mav.  19-22. 
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A  verv  small  addition  of  milk  of  lime  to 
this  water  rendered  it  innocuous  under  the 
new  conditions,  though  the  hydrion  concen- 
tration was  only  reduced  to  [H"]=l  x  lO^*-^. 

Under  "open-air"  conditions  such  as  drip 
of  acid  waters  on  rails,  pipes,  etc.,  the 
question  is  quite  different  owing  to  the 
influence  of  the  air,  but  in  practice  this  dif- 
ficultv  is  often  beyond  control,  except  by 
mechanical  means,  such  as  diverting  the 
water,  because  it  is  only  when  water  is 
gathered  into  definite  waterways  or  sumps 
that  chemical  treatment   becomes  feasible. 

There  appears  to  be  a  misprint  in  Dr. 
Moir's  contribution,  the  italicised  words 
should  presumably  lead  "lime  requirement." 
The  indicator  Bromothymol  blue,  suggested 
for  determining  this  lime  requirement,  has 
been  tested  fiequently,  but  we  cannot  see 
that  it  is  in  anv  wav  superior  to  Rosolic  Acid 
in  practice.  It  cannot  be  used  as  an 
"internal"  indicator,  as  its  colour  change  is 
often  ob-cured  by  tiie  bluish  precipitate  of 
ferrous  hydrate  wliich  separates  towards  the 
end  of  the  titration.  On  a  porcelain  plate 
the  colour  change  mav  be  more  leadily  de- 
tected,  but  the  use  of  indicators  externally 
detract.s  from  simplicity  and  is  therefore  not 
always  desirable  when  acidity  determinations 
are  carried  out  in  a.-^say  offices,  engineers' 
offices,  or  even  underground  pump  chambers 
in  co-operation  with  the  controlling  labora- 
tory. 

There  is  very  little  difference  between  the 
end  points  of  Rosolic  Acid  and  liromo- 
thymol  Blue,  the  [II*]  range  of  the  two 
being  practically  identical,  and  they  both 
show  a  first  colour  change  at  aIniOHt  true 
ne';*-  '  •-.  while  the  blue  if*  very  expensive; 
a   '  ration   on   some   rnine^  where   indi- 

cator jtolutionit  are  u^ed  with  surprising 
rapifiily. 

Methyl  R«'d  is  not  u»ed  for  acidity  or  lirae 
requirement  determinationii  in  mine  waters. 
hxTaiii*",  i   out    in   tlio   f>rii;iiial 

pa[>er,  tt  ..  the  removal  n(  ferric 

iron  and  alurtiiniiim  from  solution,  and 
therefore  mine  wal«T  iMMitral  to  Methyl  Red 

- -■•    •■"  '^ «•      ThiN  indiralor  it  only 

orv  by  Hkilled  perxonn 
whi>n  invimtigating  walrm  of  unknown  com- 

Ari  int«>rf>«ting  ab«trarl  covering  the  \t*» 
of  diff<>rent  incJicatom  M|i|><-arc<l  in  the 
.U-  1922,  Jon-  I 

>      ■  ..I,    Ir.K  »      . 

of  1 1  rat  ion   and   the   iim 

of  I   j  »nd  I'",  Plr  ,  will  Appear 

ir)   i  >■•-   !■•■*'•    .i  '"■  I  nal 


COAL    PILLAR     EXTRACTION    FROM 

TWO  SEAMS  WITH  SURFACE 

EFFECTS. 


Bv  W    Taylor  Heslop,  M.I.M.E.,   F.G.S 


(Printed   in   .hnirnnl,    October,    1921.) 


REPLY    TO    DISCUSSION. 

I  would  like  to  thank  Mr.  C.  J.  Gray  and 
Mr.  T.  X.  Dewar  for  (heir  expressions  of 
appieciation.  They  both  understand  the 
peculiar  difficulties  met  with  in  securing  a 
total  extraction  of  coal  from  two  seams  so 
close  together. 

^Ir.  J.  A.  Woodburn  made  (he  suggestion 
of  working  the  two  seams  together  by  the 
long  wall  method.  Long  wall  is  only  now 
beginning  to  receive  the  attention  that  it 
deserves  in  Xatal,  and  under  certain  con- 
ditions it  might  be  adapted  for  the  extrac- 
tion of  two  seams.  At  the  Cambrian  Col- 
liery it  is  being  very  successfullv  employed 
where  the  two  seams  are  fuither  apart,  i.e., 
up  to  30  feet,  where  the  seams  are  closer 
together  than  at  St.  George's  Colliery  it 
might  also  be  used  with  advantage;  but 
bearing  in  mind  the  thickness  of  the  seams 
and  the  thickness  of  stiata  between  T  do  not 
think  any  material  advanlairo  would  have 
been  secured. 

Some  managers  have  iicMlalcd  to  adopt 
long  wall  because  of  the  idea  that  natives 
would  be  afraid  of  it.  In  my  experience 
natives  will  alwavs  folNuv  a  wiiite  man  if 
they  have  confulence  in  him,  ami  will  take 
any   ri.sk   that   he   is  ])ropar<(l   to   face. 

I  hoped  that  some  of  the  Transvaal  colliery 
managers  would  have  taken  up  the  cudgfls 
(ill  the  question  of  pillar  extraction  -or  lack 
of  it — in  (hat  Province',  but  in  dial  1  liavo 
been    disappointed. 


SOMK      NOTKS     ()>f     TIIK      I'lI.CHl.MS 
IM:sT  cnj.hKIKLDS 


Hv    II     C.    F.    Mki.i. 


(Piiiilril   in    Jiiiuniil,    S nvriiibrr,    1921   ) 

i«»:ri,v  TO  niHCUNHioN 

In  K-plying  to  (ho  di'cuHKion  on  mv  paper 
r  winh  (o  (hank  nil  (Iioho  wIki  roni  rilxitrd 
di  I      and      for     (lie-ir     cxprcNHionN     of 

/•I''         I  on. 

Hcffrring  to  ProffHMor  W/iiiMmpycr'i 
romnrku  about  the  want  of  i-ontinuity  of 
valurK  it   ix  true  (hat   xuch  ctiHrN  »m  lip  ci(pN 
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do  exist,  and  they  probably  exist  in  every 
gold  mining  field.  On  the  other  hand  the 
contrary  condition  also  exists  in  our  reefs. 
I  know  of  many  instances  where  drive 
values  have  been  low,  but  small  cross  drives 
have  disclosed   good   values. 

The  first  part  of  Mr.  Woodburn's  dis- 
cussion has  been  answered  by  Mr.  Diering, 
who,  however,  omitted  several  places  where 
two  reefs  are  payable  in  the  same  area. 

At  the  New  Lysbon  Berlyn  mine  at  Frank- 
fort both  the  Bevits  and  one  of  the  Thela 
reefs  were  payable. 

At  Peach  tree  mine  the  two  Theta  reefs 
were  payable  in  a  small  area,  and  here  there 
was  a  stockwerk  of  very  rich  leaders  between 
the  reefs  running  for  several  hundred  feet, 
and  about  lOOft.  wide  by  about  30ft.  thick. 
In  Dukes  llill  mine  it  has  recently  been 
found  that  the  Lower  Theta  reef  is  payable 
in  many  places  underlying  payable  Top  Theta 
reef. 

In  North  Clewer  mine  both  Theta  reefs 
were  pavable  in  a  small  area. 

At  the  Kest  mine  both  Theta  reefs  are 
payable,  and  not  very  far  away  a  large 
tonnage  of  payable  Portuguese  reef  has  been 
developed. 

At  the  Uncle  Bill  mine  the  Bottom  Theta 
reef   and   the   Shale  reef  were   payable. 

Mr.  l^iering  mentions  three  payable  reefs 
in  the  same  area  at  Theta  mine.  If  a  good 
deal  cf  development  can  be  done  at  this  mine 
on  the  Portuguese  reef,  there  would  be  good 
chances  of  exjjosing  payable  areas.  This 
would  then  be  the  fourth  payable  reef  on 
the  same  mine. 

In  regard  to  the  position  of  the  Blyde 
River  quartzite  at  Sabie,  I  have  never  seen 
any  quartzite  above  the  locally  recognised 
Blyde  Kiver  quartzite.  This  quartzite  is 
very  thin  at  Sabie,  and  is  easily  weathered, 
and  is  therefore  not  often  seen  lying  about 
the  surface.  It  becomes  thicker,  and  more 
weather-resisting   as   it  goes  north. 

It  is  unsatisfactory  to  compare  the  position 
of  the  Cilynns  reef  acording  to  its  distance 
above  the  base  of  the  dolomites,  because 
there  is  no  well  defined  point  where  the 
dolomite  ends,  and  in  any  case  the  distance 
will  increase  going  north  in  conformity  with 
the  general  thickening  of  the  dolomite  for- 
mation. 

Mr.  Woodburn  speaks  of  the  want  of  more 
correlation  of  the  various  dykes,  faults,  flow- 
sheets, etc.  This  is  quite  true.  Outside 
the  big  mines,  comparatively  no  written 
record  is  kept  of  information  gained  through 
prospecting  and  mining. 


I  believe  this  could  be  done  very  effectively 
through  the  agency  of  the  local  Mines  and 
Claim  Holders  Associations.  Some  years  ago 
it  used  to  be  done  to  a  small  extent,  but  of 
late  years  the  Pilgrims  Rest  Association  very 
seldom  meets,  and  the  Sabie  Association  con- 
fines itself  chief!)'  to  business  affairs. 

]\Ir.  Diering's  discussion  on  the  Vaalhoek 
occurrences  is  interesting  as  he  has  had  the 
opportunity  of  studying  the  latest  develop- 
ments, lie  suggests  substituting  the  term 
"Thelma  Series  of  Leaders"  for  the  term 
"Thelma  Reef,"  but  it  is  rather  a  mouthful 
and  I  would  suggest  the  term  "Thelma 
Leaders."' 

It  is  several  years  since  I  was  in  the  Vaal- 
hoek mine,  and  I  am  therefore  not  prepared 
to  criticize  his  views  on  the  formation  of 
these  leaders  until  I  have  had  another  look 
through  the  mine.  The  Vaalhoek  mine  is 
most  interesting  from  a  geological  point  of 
view,  and  is  worthy  of  a  separate  paper. 

A  special  point  of  interest  is  the  behaviour 
of  the  Vaalhoek  dyke,  which  turns  to  a 
horizontal  position  at  the  base  of  the  Thelma 
Leaders,  and  immediately  overlies  a  thin 
horizontal  leader.  Recent  development  has 
])iol)ably  supplied  further  information  about 
this. 


Contributions  and  Correspond- 
ence. 

By  E.  M.  Weston. 


In  the  November,  1921,  number  of  the 
Joiniin/,  there  is  a  note  by  Mr.  H.  Brazier 
on  what  he  calls  an  "automatic  cone  classifier 
underflow  regulator,"  with  drawing  and 
photo. 

Mr.  Brazier  naturallv  treats  of  and  de- 
scribes this  device,  only  in  connection  with 
the  present  Rand  metallurgical  practice. 
Thii  device  is,  however,  of  the  very  greatest 
interest  and  value  to  the  small  worker. 
When  a  small  mill  is  erected  it  is  the  usual 
practice  to  put  in  two  tanks  or  settling  pits, 
in  which  to  separate  the  sands  for  cyaniding. 

A  native  has  to  be  kept  in  these  ])its  to 
prevent  the  slime  settling,  by  regulating  the 
overflow,  and  on  night  shifts  esptcially,  this 
work  is  often  badly  done.  If  the  sand  is 
separated  in  the  tanks  in  which  it  is  to  be 
cyanided,  it  must  usually  be  turned  right 
over  by  laboriously  digging  out  to  break  up 
the  slime  lumps  an(l  to  give  it  proper 
aeration.      This  is  a  tiresome  and  expensive 
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process  which  can  often  be  seen  in  operation 
in  Rhodesia  and  elsewhere.  Where  separate 
settlers  are  used,  the  sand  must  be  dug  out 
and  transferred  to  the  cvanide  vats. 

Messrs.  Rowe  and  Gibson,  of  the  Agnes 
Mine,  Moodies,  Barberton,  were,  I  believe, 
the  first  to  adopt  what  might  be  called  an 
automatic  discharge  classifier  to  such  con- 
ditions. Here  the  worst  features  of  the 
practice  described  were  in  evidence.  They 
eliminated  the  settlers  and  ran  a  tram  track 
over  the  c}-anide  vats.  It  is  better  to 
keep  this  track  more  to  one  side  of  the  vats 
than  over  the  centre.  Shovelling  out  is 
made  easier  if  the  vat  is  shallow.  Thev 
placed  the  classifier,  which  can,  if  necessary, 
be  any  sort  of  a  square  box,  as  the  sand 
makes  its  own  cone,  on  a  trollev.  Thev 
arranged  to  deliver  the  mill  pulp  from  the 
launder  over  every  vat  and  lead  it  in  turn 
into  a  square  or  round  compartment  in  the 
centre  of  the  classifier  with  a  baflle  plate  just 
below  the  bottom  to  give  a  horizontal  dis- 
charge, and  to  allow  all  air  bubbles  to  rise 
in  this  compartment.  The  slimes'  overflow 
is  caught  in  a  rim  surrounding  launder, 
which  discharges  into  the  slimes  launder. 
By  altering  the  lever  balance  the  discharge 
can  ea.«ily  be  kept  of  such  a  thickness  that 
the  sand  stands  up  as  a  cone  in  the  tank, 
while  any  moisture  runs  to  waste  ihrotigh 
the  filter.  A  native  in  charge  watches  lest 
any  choking  takes  place  and  shovels  the 
moist  fand  about  the  cvanide  vat  while  it  is 
full,  when  the  cla.s.sifier  is  moved  to  another 
tank  If  powdered  lime  i.s  available  this  is 
nuxe<l  with  the  sand  as  it  is  shovelled,  and 
r  '  ■  '■  is  wa«iled  in  making  the  drain  water 
ii  It    must    be    remembered    to    jam 

the  valve  at  the  bottom  of  the  classifier  if 
the         "      "  as   if   cand    floes   not    remain 

in  ti  there  will  be  a  rush  of  slime 

and  water.  Tlie  j^anie  contrivance  i«  running 
succe^Afully  on  the  Helianre  Mine.  The 
Ha*!ufier   i«»   adjusted    for    level     by     plaring 

ttlem  under  the  trolley   wheels   if  the  rail 

rack  is  not  qiiiie  level. 
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States  Geological  Survey,  of  one  first  issued 
in  1909  by  Dr.  Hayes,  who  was  then  Chief 
Geologist  of  that  Survey.  It  is  therefore 
based  on  the  widest  experience  of  the  re- 
quirements of  field  geologists  and  contains 
much  information  and  instruction  in  con- 
I  densed  form.  Fourteen  schedules  "prepared 
1  with  a  view  to  securing  system  and  complete- 
ness in  making  and  recording  observations" 
are  specially  valuable.  Each  schedule  is  a 
classified  list  of  the  points  which  should  be 
noted  when  studying  in  the  field  that  sub- 
ject or  class  of  deposit  with  regard  to  which 
the  schedule  is  framed.  Taking  for  instance 
the  division  Rock,  in  Schedule  11,  Road 
Materials,  we  find  that  there  are  55  main 
points  to  be  observed  which  fall  under  11 
heads  and  10  sub-heads.  A  person  who 
used  such  a  schedule  would  have  his  powers 
of  systematic  observation  greatly  stimulated, 
and  when  he  came  to  write  hisVeport  would 
not  have  vain  regrets  that  he  had  forgotten 
to  observe  particular  points  while  he  had 
the  opportunity. 

The  third  edition  does  not  differ  greatly 
frcni  its  predecessors,  but  a  brief  mineralogy 
covering  19  pages  has  been  added;  improved 
methods  oi  determining  the  thickness  or 
depth  below  the  surface  of  rock  beds  have 
been  included;  notes  on  use  of  the  plane 
table  have  been  revised;  and  revisions  or 
additions  of  a  line  or  (wo  here  and  there 
throughout  the  book  show  that  care  has  been 
taken  to  increase  its  usefulness  where  that 
has  been  possible. 

C.  J,  G. 

Notices  and  Abstracts  of  Articles  aud 
Papers. 
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iIm-  NurrliJirKe   Ih  niwiiyh   "pins'   with   niiy  urmle 

i.r  ImiIIkiii 

liy  thi..  ineiliiMl.  the  royerM>  (if  ciipnlliili.iii, 
-ire    II,    (Hken    1.1    pr.'vent    n..    nnnh    n-    iioMiililo 

•  hn     eliniiiiHtiMii.     iNfi.i.'     piiitiiij,,     „f     the     mil- 

•  iifiienU     f.ther     thnn     k'>I<I     contniiu.l    m    the 


■23A 


journal  of  The  Chemical,  Meialluigicol  and  Mining  Society  of  South  Africa.       May,   1922. 


samples.  A  weight  of  five  grains  is  a  con- 
venient quantity  to  take.  The  weighed  assays 
are  each  put  into  a  separate  cup  of  clay,  with- 
out lead  or  any  other  addition  than  a  weight 
of  copper  (or  copper  containing  a  deoxidiser, 
say,  U.o  per  cent,  of  zinc),  which,  with  the 
alloy  present  in  the  assay  sample,  will  amount 
to.  say.  2  to  2^  times  the  weisrht  of  the  gold 
present.  These  as.says  are  then  melted  and 
balled  up  in  a  heated  silica  tube  under  a  steady, 
slow  current  ot  steam.  Five  minutes  at  a  tem- 
perature a  little  above  the  melting-point  of 
copper — which  point  is  determined  by  a  frag- 
ment of  copper — is  usually  sufficient,  but  when 
a  large  percentage  of  zinc  is  present,  ten 
minutes   .should    be   given. 

An  inert  gas,  such  as  nitrogen  or  carbon 
dioxide,  may  be  u.sed,  but  steam  is  preferable, 
as  it  is  always  available  and  is  of  assistance 
in  the  oxidation  and  removal  of  minute  traces 
of  certain  metallic  impurities  which  may  be 
present  in  the  alloy. 

With  an  alloy  of  gold  and  silver  or  copper, 
or  a  triple  alloy  of  these  metals,  a  malleable, 
clean,  bright  bead  or  button  is  obtained;  the 
same  is  also  true  when  zinc  is  i>resent,  the 
latter  metal,  however,  being  oxidised  and  vola- 
tilised; the  lo.ss  in  weight  of  the  bead,  if  the 
quantity  of  zinc  is  considerable,  having  to  be 
made  up  with  an  equal  quantity  of  parting 
copper.  Tbis  lo.ss  gives  fairly  correctly  the 
amount  of  zinc  in  thesample.  Alloys  for  plate 
and  jewellery  of  nine-carat  fineness  arc  now 
often  met  with,  containing  as  much  as  7  per 
cent.  zinc.  The  results  obtained  from  such 
alloys  by  cnpcUation  are  most  unreliable,  but 
by  the  methcjd  suggested  they  are  quite  satis- 
factory. 

When  metals  other  than  tho.se  named  are 
present  in  very  minute  quantities,  their  pres- 
ence is  indicated  and  may  l)e  recognised  by  the 
appearance  of  the  bead.  For  exaiupie.  with 
iron  the  bead  is  ])artly  or  completely  scaled  with 
black  magnetic  oxiile.  This  may  be  chilled  off 
witiiout  loss  of  gold,  and  the  bead  is  then 
quite  free  from  iron.  Other  metals  give  a  dull, 
matted  and  tinted  ajjiiearance  to  the  bead.  The 
following  metals,  if  present  in  (luantity  less 
tban  0.1  per  cent.,  have  not  been  found  detri- 
mental to  the  process — viz..  nicki-l.  cobalt,  zinc, 
cadmium,  lead,  iron.  tin.  antimony  ami  alu- 
minium. 

Tlie  inquarted  bead  is  hamniered  and  may 
he  rolled  out  into  a  fillet  without  annealing. 
If  annealing  is  desired  (it  is  found  to  be  un- 
necessary), tbis  may  be  done  under  steam  or 
coal  gas.  The  fillet  is  not  coiled  in  a  spiral, 
but  is  merely  doubled  on  itself,  and  is  then 
parted  ami  subsequently  annealed  in  aii'  in  the 
usual    manner. 

Should  antimony,  aluminium  or  tin  be 
present  in  the  oiiginal  alloy,  they  will  occasion 
a  surcharge,  as  is  the  case  with  cnpellation. 
If  as  little  as  0.2  per  1.000  of  either  is  con- 
tained in  the  parted  and  annealed  fillet,  their 
presence  is  perceptible  to  the  naked  eye,  for 
the  gold  is  without  lustre  and  tarnished.  Tin 
in  this  (juantitv  gives  a  very  marked  reddish 
tinge  to  the  fillet.  With  o'.o  per  1,000,  the 
fillet  is  ton  brittle  to  bear  handling. 

A  gas  muffle  furnace,  in  wbicli  the  clay  muffle 
is  replaced  by  five  or  six  silica  tubes,  IJ.in. 
bore  and  Hft.  long,  is  a  suitable  arrangement 
when  a  large  number  of  samples  have  to  be  put 


through  quickly.  Half  of  the  length  of  each 
tube  projects  in  front  of  the  furnace,  and  into 
the  unheated  half  the  molten  assays  are  drawn 
to  set  and  cool.  p]acli  tube  is  connected  at  the 
back  of  the  furnace  with  a  steam  generator, 
which  is  heated  by  the  furnace  itself.  In  front 
the  tubes  are  open. 

The  cups  used  are  deep  and  steep-sided  de- 
pressions, formed  in  a  clay  stick,  9in.  long,  and 
of  semi-circular  section,  so  as  to  slide  within 
the  tubes.  There  are  ten  such  cups  in  each 
stick.  A  little  powdered  grai^hite  is  mixed  with 
the  clay.  These  clay  sticks  are  moulded  by 
hand,  and  may  be  used  over  and  over  again 
^in  the  writer's  experience,  seventy  times  or 
more — each  stick  costing  in  material  a  fraction 
of  a  penny.  Eacii  time  they  are  used 
the  cups  are  smoothed  inside  with  emery- 
paper.  When  past  use.  the  material  is 
pounded  and  used  over  again.  The  silica  tubes 
are  found  to  last  a  long  time — eighteen  months 
and  more,  though  fired  f(n'  six  or  seven  hours 
a  day.  When  the  heated  halves  show  signs  of 
decay  the  tubes  are  reversed,  so  doubling  their 
life. 

Since  IMay,  1919,  a  weekly  average  of  1.500 
samples  of  gold  plate  and  jewellery,  running 
from  22  carats  down  to  9  carats,  have  been 
tested  by  this  method  at  the  A.s.say  Office, 
Birmingham,  and  checked  by  the  results  ob- 
tained with  the  same  sanip!(>s  assayed  by  cnpel- 
lation. In  the  cour.se  of  the  day  frequently 
1.000  such  tests  have  to  he  made,  in  oider  to 
ascertain  whether  the  wares  from  which  the 
samples  are  taken  are  at  least  eoual  to  or 
better  than  one  or  other  the  five  legal  stan- 
dards for  gold  wares,  viz.,  22,  18,  15,  12  and 
9  carats. 

It  is  not  customary  to  reuort  the  exact  fine- 
ness of  samples  that  are  found  equal  to,  or 
better  than,  the  standard,  but  such  as  are 
found  not  of  standard  fineness  are  re-tested, 
and  the  results  ar(>  then  tiecimally  reported. — ■ 
A.  Wkstwooo.  ,S'..1.  Kniiinccriiii)  (Institute  of 
Metals),    -March.    Iit22.    iiage  48.  "  (A.K.) 

TiiK  Fk.i.u  Sckuhbkr  for  Ci.eamxg  ^Ikt.vi,- 
i.THGUAi,  S.MOKK. — Metallugical  smoke  is  usually 
composed  of  the  three  components:  solids  (flue 
dust),  fume  (volatile  constituents  which  may 
be  condensed),  and  gases.  The  value  of  the 
rccovcrctl  product  may  depeiul  upon  whether 
it  be  obtain<'d  wet  or  <lry.  and  with  the  resi- 
dual gases  theii-  temiierature  and  moisture 
content  may  be  determining  economical  factors. 

The  following  is  a  classification  of  cleaning 
methods :  — 

(1)  Gravity  (stagnation  of  gases,  settling  of 
dust    ])articles    in    flues). 

(2)  Haffiing  (i)lates  to  expo.se  increased  sur- 
face   for    lodgement    of   dust    ])articles). 

(3)  Filteiing  (layers  of  matting,  bags,  coke, 
slag,    mineral    wool). 

( i)  FrcM'zing  ((layley's  method  for  removing 
moisture    and    dust). 

(5)  Klectrical  (electrostatic  precii>ation  of 
dust  and   moisture). 

(G)  Tangential  (gases  introduced  tangentially 
into  cylinders  with  snilicient  velocity  to  throw 
out  the  heavier  partcles  of  dust  and  mr)isture). 

(7)  Spraying  (gas(>s  caused  to  flow  through 
streams   of   atomized    w.iter). 

(8)  Centrifugal  (gases  pass  through  water 
atomizetl    by    rapidly    revolving    imjiellers.      The 


M 


av. 


1922 


yotire^  and  Af/st raits — iletuUurju. 


235 


Feld  scrubber  belongs  to  this  type,  and 
combines  the  functions  of  gravity,  baffling  and 
spraying). 

Much  experimental  work  with  variou*;  scrub- 
bing proc-es.ses  was  carried  out.  and  the  difficult^' 
of  removing  zinc  compounds  from  furnace  gases 
is  mentioned.  At  the  temperatures  existing  the 
gases  are  not  generally  saturated  with  these 
campounds.  so  that  the  temperature  has  to  be 
reduced  until  it  represents  the  satuiation  point 
before  the  compounds  will  precipitate  from  the 
gas.  Practically  atmospheric  temperature  must 
be  reached  before  the  last  traces  of  zinc  can  be 
removed  from  furnace  gases. 

The  Feld  s<^rubl)er  consists  of  a  number  of 
separate  chambers  with  ports  or  openings  at 
the  bottom  of  each  chamber  which  act  as  pas- 
sages for  the  ascending  gas  as  well  as  overflows 
for  the  counter-current  flow  of  scrubbing  or 
absorbing  liquid.  The  vertical  shaft  is  provided 
in  each  chamber  with  a  series  of  concentric 
frustrums  of  cones,  which,  when  the  shaft  re- 
volves pick  up  or  pump  the  scrubbing  medium 
which  IS  thrown  horizontally  with  considerable 
velocity  through  an  outer  perforated  distribut- 
ing cone,  and  the  li((uid  is  projected  through 
the  gas  spac-e  in  the  form  of  a  fine  hiph- 
velfK-ity  spray,  which,  upon  impact  with  the 
shell,  i.s  broken  into  a  mist  or  fog.  Intimpte 
contact  between  gas  and  licjuid  is  obtained, 
fi.nelT  divided  ins<jhible  matter  removed,  and 
soluble  constituents  recovered.  The  large  liquid 
surface  exposed  to  the  gas  stream,  the  nunibpr 
of  contacts,  the  small  volume  of  scrubbing 
medium,  and  nii;h  concentration  of  effluent. 
freedom  from  internal  stoppages.  ea.sy  control 
of  the  apparatus  and  low  installation  and  run- 
ning costs  are  pointed  out. 

A  o-ft.  diameter  seven-section  Feld  scrubber 
will  cU-an  approximately  2(yi,r(0f)  cubic  feet  of 
ga.s  [■XT  b'nir  '"}■')  ruble  feet  per  s<->cond).  and 
will    '  It   ^)  gallons   (2fi~')  cubic   feet) 

of  «  I  ;'ior   ffjr  ear-h    l.fUlO  cubic  feet  of 

Kax  cleaned.  On  the  tuime  basis  1.1  gnllon  of 
fifri,\.}^T  tiriijor  each  second  will  l»e  delivered 
t'  '>er,  the  gax  space  of  which  is  about 

\.'ri  f  •!••  I  if-et.  HO  that  a  unit  volume  of  gas 
take^  about  2.7  seconds"  time  to  pavs  through 
the   v       '  '    I 

F''  h»mb.T  or  wv^ion   of   the  iMTubber 

t)  the   revolving  cones. 

«i.i  the  latter  c»)aleM-ed 

and  pre/ipitate<]  to  the  bfittom  of  tin-  «hambor 
onlv  111  turn,  to  b<'  flicked  up  by  the  cones 
•nd    °  le    repeat<-d    in    a    [H>riod    of    nlioiit 

one-h.>>>  •  ■'       T' ■     ■■' '  <ra|    hp<mhI    of    the 

oon«*    I*  fMT    nnniitc.      A 

fTi'      '    '  I    parti«-l<>s  of  MTiib- 

]h  ■  n 

II     the 
[■  ("■'»- 

dur^J      in      ihf                                           thr      i  •  Iv 

rhar;.'"-'!    f'lftn     t                                 l'.ih   <!i  i<» 

t'r  charged 

p^i:..  ...    ...'  ..:■. ..!iinl<*    con- 

tart,    to  rau«4-   '.  •■   partic|i>«   to  be   netted 

ar  '    -    ' '      wiTiiiii      the      liquid      and    thus 

f  the       (fas      stream.      \V.        F 

I  "'/    yi'nuiQ   Journal , 
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the    fKitcntiat    or    el«Ttromotiv««    sorit^o    is    ((iven 
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Su.  Pb.   Bi.   Sb,  As,  Cu,  Hg,  Ag.   Pt.   Au. 

Sodium  particles  that  have  been  thoroughly 
coated  with  coal-tar  or  pine-tar  by  immersion 
possess  for  a  few  seconds  the  physical  proi^erty 
of  floatability  when  placed  on  the  surface  of 
water,  the  chemical  reaction  between  the 
sodium  and  the  water  being  retarded  by  the 
oil-film.  The  reaction  is  not  retarded  to  the 
same  extent  with  less  viscous  oil,  such  as  wood- 
creosote,  castor-oil  and  pme-oil. 

The  floating  of  a  particle  of  magnesium  in 
distilled  water  by  the  bubbles  of  hydrogen 
which  condense  on  its  surface  does  not  happen 
if  a  0.2  or  a  0.1  per  cent,  solution  of  j^ostassium 
permanganate  is  used,  probably  because  the 
hydrogen  combines  with  oxygen  from  the  per- 
manganate. Chemical  action  between  water 
and  magnesium  particles  insulated  with  a  film 
of  coal-tar  or  pine-tar  is  practically  nil,  but 
bubbles  produced  mechaiii'allv  adhere  to  the 
oil-filmed  particles  and  buoy  them  to  the  sur- 
face. 

With  and  without  oil.  mechanically  produced 
bubbles  can  be  condensed  on  particles  of  alu- 
minium, zinc,  iron,  metal,  tin,  copper,  sifver 
and  gold  immersed  in  distilled  water  at  20°C., 
and  the  particles  will  float,  proving  that  under 
certain  conditions  oil  is  not  necessary  to  the 
condensation   of   gases  on   metalli<-   surfaces. 

If  the  film  of  oxides  is  removed  from  lead 
particles  while  submerged  in  distilled  water  or 
oil  the  particles  may  then  be  floated  readily, 
thus  proving  that  oil  is  nccessarv  in  case  the 
chemical  changes  taking  place  at  the  metallic 
surface  produce  a  pronounced  lowering  of 
potential. 

Kxperiments  proved  that  us'ug  saturated 
copper  sulphate  solution  and  oil  filmed  mag- 
nesium, aininiiiium.  zinc,  iron,  nickel  and  tin, 
the  precipitation  of  copper  was  considci  ablv 
retarded,  which  showed  that  an  oil  film  will 
interfere  in  an  ionic  (•hiinirai  naitioii  between 
an  electrolyte  and  a   metallic  surface. 

A  method  of  estimating  the  lowering  or 
raising  «»f  the  potential  of  sulphule  particles 
wlu-n  agitated  with  various  electrolytes  is  des- 
cribed, the  bubbles  produced  having  to  conform 
to  a  set  standard,  and  tlw  intensity  of  the 
pot»Mitial  b«'iiig  estimated  by  the  dcrec  of 
attraction  between  the  particles  and  the  air- 
bubbles. 

I'yrite  jiartides  (- -rjO  (  fid  mcsli)  alter  agi- 
tation in  distilled  water  adlwred  readily  to  n 
bubble  ■'}  nun.  diameter.  Mhereas  tlioM'  agitated 
with  0.1  jH'V  cent,  potassium  pei  nuumanate 
solution  di<l  not  ndheie.  Pyrite  was  found  to 
shotv  n  pronounced  change  ot  iiietallic  lustre 
with  th«'  oxidizer  an  oxidiser  being  a  salt  or 
l?ns  ill  Miliition  that  lowers  \\u-  potential,  a 
reducer  one  that  raiws  the  potential.  The 
ii'i»«.>.tiaU  (il  the  sul|ibide<-  i  biilco|ivrile.  (.'alena, 
pyrit4-,  sp|iidcnt4-  and  stibnilc  ulii-ii  ai'itat«>d 
Ml  siilphiirett<-d-bv<lrogeii  ur  Kiilpbui -dioxide 
water  *ere  e<|iiiil  to  or  ifrenli-r  than  the  poten- 
tials  of  the  hiiiiie  siilpbules  auitateil  m  distilled 
wnt4'r ;  nherens  the  potent  laU  appiondicd  z«'io 
when  agitated  with  |iotuHsiiiih  pei  niangaiiale 
solution.  The  potent  liiU  <if  the  same  Mil|ibideH 
did  not  n|i|iroiich  zero  if  O  1  por  rent  wood 
TeoHfite,  pine-oij  or  piiie-tnr  was  ailded  to  the 
02  p«'r  c«'iit  |iolii>siiitn  periiint<iMini>te  before 
nvitation  When  the  oil  «ns  nd«led  after  ngila- 
tion  of  tho  sulphide  with  the  permnnunnntu 
Boliilioii     then     Ihr     |iotentin|ii    of     the     -iifiilMdo". 
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appioiiched  zero.  These  and  other  experiments 
proved,  as  with  the  members  of  the  potential 
.series,  that  an  ionic  chemical  reaction  Avas  re- 
tarded between  an  oil-filmed  sulphide  i)article 
and  an  ekvtrolyte.  Other  experiments  showed 
that  after  the  ])otentials  of  the  sulpliiiles  were 
lowered  to  ajipaient  zero  by  afiitatin<i  with  an 
oxidiser.  they  were  restored  by  aiiitatinti  with 
a  reducer;  metallic  lustre  were  likewise  changed 
and  restored. 

Oil.  as  used  in  the  flotation  ])rocess  has  three 
distinct  physical  properties:  (1)  By  lowering 
the  stirface  tension  of  the  water  it  permits  the 
foiniation  of  a  j^ermanent  bubble  at  the  aii- 
solution  inteiface ;  (2)  the  adhesive  fcn'ce  be- 
tween a  metallic  surface  and  oil  is  greater  than 
the  adhesive  force  between  a  metallic  surface 
and  water;  ('.])  the  i)otential  tends  to  remain 
constant  on  an  oil-filmed  metallic  sidphidic 
surface  i)iovided  the  surface  is  subject  to 
chemical  changes.  Apart  from  simplicity  and 
economy  the  nece.ssity  for  oil  dejiends  on  the 
lowering  of  the  potential — the  ra))idity  and 
degree  of  oxidation.  Sulphides  liave  been 
floated  successtully  in  eleetrolytes  to  which 
reducers  have  been  added  without  the  nse  of 
oil.  I'otassium  permanganate,  as  used  in  selec- 
tive flotation,  increa.ses  the  dilference  between 
the  potentials  of  two  or  more  dilferent  sul- 
phides. In  all  probability  the  theoretical  law 
of  condensation  of  gases  on  metallic  surfaces 
is  as  follows:  The  members  of  the  jiotential 
series  condense  gases  on  their  surfaces  directly 
as  the  intensity  of  theii'  potentials,  but  in- 
versely as  the  power  to  lowei"  their  i)oteiitials, 
and  the  same  should  apjdy  to  sulphides.  As 
with  metals,  high  potentials  on  suljihides  are 
lowered  readily. — D.  W.  Lkeke  and  R.  H. 
J.AKVis,  MiniiKi  and  ScirnfUir  Press,  February 
18,   1922.  pages  223-226.     (A.K.) 


IN'INIXG 


InVK8TIG.\TIXG    StRAT.\    nv    PkIICI'SSION    W.\VE8. 

—In  British  patent  20.22.)  of  1920  (174,09o), 
Dr.  J.  W.  Evans,  F.R.S..  of  the  lm|)erial  Col- 
leire  of  Science  and  Technologv,  and  AV.  B. 
Whitney  describe  a  new  method  of  investigat- 
ing the  interior  of  the  earth's  crust  with  the 
object  of  determining  the  jiosition  and  nature 
of  hidden  strata  without  hoiings  and  thus 
assisting  in  the  exploration  for  coal.  i)etroleum. 
metalliferous    deposits,    etc.  'Ihe    method    is 

based  on  the  moulding  and  modifying  intlnence 
which  strata  or  surfaces  of  discontinuity  in  the 
earth's  crust  exert  upon  sound  waves  or  like 
I)ressiire  vil)rations  which  p;'ss  through  them  or 
are   rellected    by   them. 

According  to  a  previous  nietliod  of  this 
nature,  in  order  to  investigate  the  interior  of 
the  earth,  a  sound  is  emitteil  from  a  suitable 
source  and  its  echo  or  return  or  the  sound 
which  arrives  at  a  distant  point  is  observed  by 
a  receiving  mechanism,  and  the  time  elapsing 
between  the  emission  of  the  .sound  and  the 
reception  of  the  echo  or  between  the  emission 
of  trie  .sound  aiui  its  arrival  at  the  distant 
point  is  also  measuicd,  the  sound  prodncei'  and 
the  receiver  being  electrically  •nterconnected 
for  this  purpose.  From  the  observation  ob- 
tained conclusions  are  drawn  as  to  the  prob- 
able nature  of  the  medium  which  has  been 
traversed  by  the  wave.  The  method  to  which 
the   present    invention   relates,     as    distinguished 


I   num- 
or  more) 


from  ihe  older  method,  is  characterised  in  that 
the  sound  waves,  after  having  been  modified  by 
the  medium  under  examination,  are  received 
.simultaneously  or  ai)i)roximately  .so  at 
her  (at  least  two  and  ])refeiahly  three 
of  receiving  stations  placed  at  a  distance  from 
the  tran.smitting  station.  The  distance  apart 
of  the  generating  and  receiving  stations  will 
generally  be  considerable,  say,  one  mile,  but 
may  be  greater  or  less,  de])eiiding  upon  the 
nature  of  the  earth's  crust  which  is  under 
examination.  The  receiving  api^aratus  are  pre- 
ferably so  placed  that  they  lie  approximately 
on  lines  radiating  from  the  eeneratintr  api>ara- 
tus  as  centre  and  between  90°  and  120°  apart. 
Records  of  the  vibrations  at  the  generating 
station  and  at  the  various  receiving  stations 
are  obtained,  and  a  comparison  of  these  record.s 
enables  the  observer  to  distinguish  between  the 
different  reficctions  and  ascertain  the  time  in- 
tervals between  them,  even  when  they  are  so 
close  together  as  to  form  composite  waves. 
Owing  to  the  different  velocities  in  different 
media  and  the  differences  in  lefleetion,  refrac- 
tion and  absorption,  the  nature  of  the  vibra- 
tions recorded  and  the  time  intervals  between 
them  will  enable  th(>  piobahle  nature  and  posi- 
tion of  the  media  under  examination  to  be 
determined. 

For  generating  the  waves  several  means  may 
he  employed,  such  as  vibrations  generated  by 
means  of  sound,  explosives,  blows  struck  by 
hand,  or  mechanical  means.  For  receiving  the 
vibrations  the  following  instruments,  for 
example,  may  he  employed  according  to  circum- 
stances: Microphone,  caibon,  liquid,  or  jet; 
telei)hoii(^  receiver,  in  combination  if  necessary 
with  automatic  make-and-break  device  such  as 
a  commutator.  The  following  are  exami)les  of 
recording  ai)i)aratus  that  may  be  used :  Ein- 
thoven  string  galvanometer  fitted  with  auto- 
matic photographic  recording  device;  apparatus 
based  on  the  ])iezo-electric  ])roperties  of  quartz, 
stctho.scope,  oscilloaranh,  etc.,  in  combination 
with    anto'natic    recording  devices. 

The  inventors  describe  a  specially  devised 
receiving  apparatus,  which  comprises  essenti- 
ally a  casing  that  can  be  firmly  embedded  in 
the  grounil,  a  mass  resiliently  .supported  or  su.s- 
nended  within  said  casing  and  one  or  more  pins 
or  the  like  inserted  in  an  electrical  circuit  be- 
tween the  mass  and  a  microi)hone  or  other 
aiijiaratus  whereby  the  relative  movement  be- 
tween the  casing  and  the  mass,  which  occurs 
when  the  |)ortion  of  the  stratum  in  which  the 
casing  is  fixed,  and  therefore  the  casing  itself 
is  set  in  motion  by  the  passage  of  a  vibration 
from  the  generator  while  the  mass  owing  to  its 
inertia  tends  to  remain  fixed  in  sinice,  may  he 
detected.  Instead  of  pins  a  hemispherical 
''astic  body  may  be  employed.  The  apparatus 
may  be  constructed  in  several  forms. — The 
MihiiKi  MiK/dzine.  March,  1922,  pages  190,  191. 

(c.j.a.) 
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Proceedings 


AT 


26th  Annual  General  Meeting, 
24th  June,  1922. 


The  Twenty-Sixth  Annual  General  Meet- 
ing of  the  Society  was  held  in  the  Assembly 
Hall,  Scientific  and  Technical  Club,  100, 
Fox  Street,  Johannesburg,  on  Saturday, 
24th  June,  1922,  at  8  p.m.,  Mr.  F.  Warten- 
weiler  (Piesident)  in  the  chair.  There  were 
al.so  present :  — 

28    Member.'^:     Prof.    G.    A.    Watermever. 
Messrs.    F.    W.    Watson,  C.   J.   Grav.   J'R 
Thurlow,  II     R    Adam,  H.  S.  Meyer,  J.  E 
Thomas,  John  Watson,  H.  A.  White,  Prof. 
.1.    A.    Wilkinson.    .1.    A.    Woodburn    f Mem- 
bers  of   Council),    W.    Beaver,    11.    I).    Bell, 
J.  M.  Dixon.  L    L.   Fewster,  W.  S.  Gordon, 
Ja.'.   Grav,   A.    Ilebbard,  .1     Henderson,    W 
Martin,    S.    Newton.    F       I)       Phillips.     II 
Pirow.  T.   Proberts.  J.  J     R    Smythe.  J     .M 
Thorburii,    J     T     Trigg.n,     and     II       H       S. 
Wilkes 

4  AMOciate* :  J  A  Bovd,  C.  E  Deakin. 
W    Ru«i«ll,  and   A     A     Wood. 

I    Visitor   and    II     A     G     J#'fTrey«   (Secre 
tary). 

MIM'TBH. 

Thff    MinutM   of     III*     Ordinary     General 
'■'    on   lh»-  22nd    April.    1922.   a* 

:       ,.      .  «•      April       ./'iiirn/lt  v-i-tf        iw.li 

firm«^l 

The   President     .ud   •'  ■    \<, 

lhf>   Jniirnal    had    not    yet     been     ptlblixhed 

ff  i    il    lo    }»«•    in    llifir 


The    Secretary    leail  the  Annual  Report 
as    follows  :  — 

ANNUAL    REPORT    OK    tOVNCIL. 


The  following  is  the  report  submitted  by 
your  Council  on  the  work  of  the  Society 
during  the  past  year:  — 

Ar(ount'!. — From  the  Revenue  and  Ex- 
penditure Account  now  before  vou  it  will 
be  seen  that  the  lesult  of  the  activities  of 
the  Society  for  the  year  shows  a  nett  profit 
of  £84  Is.  lOd.  This  may  be  considered 
highly  satisfactory  when  compared  with  the 
coi  responding  figures  for  the  years  1920  and 
1921.  when  losses  were  made  o"f  £115, 14s.  2d. 
and  £104  7s.  lid.  respectively.  The  im- 
provement in  the  position  of  the  Society  is 
very  largely  due  to  a  favourable  print ini; 
contract  having  been  entered  into,  with  the 
lesult  that  tiie  Juninul,  the  publication  of 
which  involved  a  loss  of  £184  last  year,  has 
been  produce<l  at  a  ))r()fit  of  .£161,  that 
is,  a  '■aving  of  £34r>.  Comparing  the  items 
of  the  expenditure  side  of  the  account  with 
that  of  the  last  year,  ecoiiomies  are  shown 
to  have  been  effected  in  Charges  and  Print- 
ing and  Stationery,  this  last  account  having 
to  bear  the  cost  last  year  of  printing  the 
revised  Constitution  and  Rules  of  the 
.Society, 

As  was  anticipated,  tlic  ii.iji-fer  <4  llie 
.SfM'irly's  ofTlceH  to  the  building  of  the 
Scientific  and  Technical  Club  has  involved 
an  increa.M'fl  lental  ('X|>endit  ure.  Salaries 
are  at  practically  the  same  figure,  while  il 
\H  expected  tlial  the  miihII  debit  xliown 
under  the  ln-ad  of  I'laiisact  ions  will  shoillv 
\te  rwoveied  froni  Sale".  Y(-ur  Council 
lin«  ddtinled  £2')  lowardn  (In-  maintenance 
«.f  the  .Seymour  .Memorial  Libiary.  arid  bail 
also  provided  prizes  for  Evening  ClasM 
.MtndeiilH   at    the    Wit wnterNranri    Univer(«ily. 

<Mi  I  he  Revenue  *i<Ip  of  1  he  ntvounl 
I  Ik.      >!«.<  ri.u  .<•      ,.f       V'M)      III      I  lie*       iiggrei;ul<' 
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subscriptions  received  is  due  to  the  re- 
duced number  of  arrears  recovered. 
Entiance  fees  from  new  members  are  slightly 
less.  As  previously  stated  the  Journal 
account  shows  a  profit  of  £161  ;  the  nett 
revenue  from  the  adveitisements  is  £15 
luglier,  while  the  cost  of  printing  ordinary 
Journal  matter  has  been  reduced  by  £330. 
The  sum  cf  £11  has  been  recovered  in  re- 
spect of  the  March  1921  Exhibition,  and  £6 
has  been  lealised  from  the  sale  of  sundries 
in  connection  with  the  removal  to  the 
Societv's  present    offices. 

TurniuH  to  the  Balance  Slieet  it  will  be 
observed  that  while  the  cash  balances  are 
lower  there  is  a  more  than  corresponding 
reduction  in  the  amount  due  to  creditors. 
The  amount  due  to  the  Society  under  Sundry 
Debtors  is  in  lespect  of  current  advertise- 
ments and  Jonrnalu  ordered  by  firms  of 
repute. 

Membership. — Thirty-seven  new  members 
have  been  elected  during  the  year,  and  your 
Council  has  admitted  twenty-five  associates 
and  one  student. 

Eight  Members  and  five  Associates  have 
resio^ned,  while  vour  Council  has  to  record 
with  extreme  legiet  the  deaths  of  the  fol- 
lowing:— Alexander  Heymann,  J.  Keough, 
J.  Martin,  H.  W.  Pridgeon,  Major  L.  A.  E. 
Swinney,   and   James  West. 

As  in  previous  years,  the  names  of  certain 
members  and  associates  in  arrear  with  their 
subscri])(ions  and  with  whom  (he  Society 
has  entirely  lost  touch  have  been  struck  off 
the  roll. 

I'dpcis  (111(1  Join  iKils. — The  original  papers 
read  befoie  the  Society  and  the  contribu- 
tions to  discussion  thereon  have  continued 
to  be  of  the  high  standard  which  lias 
always  characterised  this  bianch  of  the 
Society's  activities.  The  cheaper  printing 
facilities  already  referred  to  have  enabled 
your  Council  to  enlarge  that  section  of  the 
Journal  devoted  to  yofices  (iiid  Abstracts, 
and  to  this  end  seven  members  have  been 
appointed  to  assist  the  Editorial  Committee 
in  selecting  abstracts  fiom  current  literature. 

I(  has  occasionally  hai)pened  that  there 
has  been  some  delay  in  the  ])ublication  of 
(he  Journal,  necessitating  the  holding  over 
of  confirmation  of  Minutes  of  Meetings,  but 
(his  sliefht  inconvenience  is  more  than  com- 
pensa(ed   by  (he  financial   considera(ion. 

Tlie  following  original  papers  have  been 
published  during  the  year:  — 
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July,    1921:  — 

'A  Resume  of  Standard  Methods  in 
Sampling.  Analysis  and  Classification 
of  Coal,"   bv  A.   Trevor  Williams. 


August 


1921:  — 
Symposium:     Miners'     Phthisis."       Con- 
tribution by   W.    Allen. 

September,   1921  :  — 

"The  Acidity  of  Mine  Waters,"  by  F.  W. 
Watson  and  R.   A.   Cooper. 

''Symposium:  Miners'  Phthisis."  Con- 
tributions by  J.  A.  Woodburu  and 
John  Watson. 

O.i^her.    1921:  — 

The   President's   Address,"    by    F.    War- 
tenweiler. 
"Coal   Pillar   Exti action  from  Two  Seams 
and     Surface     Effects."     by      W.      T. 
Ileslop. 
Xovember,    1921  :  — 

"Some   Notes   on   the   Pili{rims   Rest    Gold 
Fields,  "  by  H.  C.  F.  Bell. 
December,    1921:  — 

The  Correlation   of   Metallurgical   Statis- 
tics."  by  HA.   White 

January.   1922:  — 

"The  Combustion  of  Soutli   African  Coals 
in  Boiler  Furnaces."  by   K     P     Reini 
hVhriiary,    1922:  — 

K'.atuieit  of   Metalluigv   of   a   Refractors* 
Gold   Ore."    by    F.    Wartenweiler. 
"Note?*    on    the    Manipulation    of    Osmiri- 
dium      Concent  I  at  es."      by      R        A. 
Cooper. 

April.    1922:  — 

"The  I)e%'elof)merit  of  the  Bla.'-l  Furnace." 
bv   J      flendernon. 

May.    i:»J-' 

"Noteii     on     Oj>miridium."      by      .1        H 

Thurlow. 
"Technical     Kxamination     of     Lubricating 

Oil   and   Gri-a-e,"    bv    F     W     Watnon 

and   11     h     H«-ll 
"Svn;--    ■    vs       Miner-'     IMithi»«ix    "       Con 


f  iin#>, 

r; 


ulein, 
Adam 
11     A 

1 922 

1    I''. 


(I*  bv  \V    K    Gye,  A    J     Oren- 
A        Mavio(;ordato,      11        H 
II     H    S     Wilki-.,  C    J     Gray. 
Whili".  and  .Iarri»-»   Moir 


M 


pit ■! ion  by  Zinc  DuHt  and  in 
Hon    with    I  lie    I  )e  aeration   of 
.    at   yiiHltlftfimlfiu    'U.'  "    by 
Newton  and   I,     I.     Krwtler 


llrtfinrh  Kmliitmrnt  h'unti — Tlli»  fuiul 
ha«  l>rnefit«><l  durinK  lli»  year  by  one  nmall 
donation  and  now  aland*  at    £412   ITi*     lOd 


Your  Council  has  awarded  Gold  Medals  to 
the  following  gentlemen  for  the  best  papers 
read  before  the  Society  during  recent  vears : 

Chemistiy:    Dr.    James   Moir. 

Metallurgy:  Dr.  W.  A.  Caldecott  and 
Mr.   H.  A.  White. 

Mining:    Mr.   John   Innes. 

A  full  leport  of  the  presentation  of  medals 
was  published  in  the  October  Journal. 
Altliougli  these,  the  first  awards  made  since 
the  inception  of  the  fund,  are  for  work 
done  during  past  years,  your  Council  has 
recommended  that  future  awards  shall  be 
for  current   work  onlv. 

7'//<  Krhihifirn). — The  usual  Exhibition 
was  not  held  as  your  Council  had  under  con- 
sideration a  scheme  for  pi  emoting  a  Mininsf 
and  Industiial  Exliibition  towards  the  end 
of  the  year  on  a  .scale  much  laiger  tlian  any 
previously    attemjjted. 

Unfoitunateiy  the  industrial  ujjlieaval  and 
revolution  during  the  first  three  months  of 
1922  compelled  the  abandonment  of  the 
idea. 

AniiiHil  Diiiiur. — In  consequence  of  the 
want  of  assurance  of  support  and  bearing 
in  u'.iiul  (lie  loss  sustained  on  the  last  occa- 
sion, your  Council  again  leluctantly  decided 
not  to  hold  this  function.  Il  is  to  be  hoped 
that  improved  conditions  will  justify  a  re- 
vival of  the  Annual  Dinner  (linin>:  th«^ 
coming    vear. 

KjrriirxloiiM. — By  the  couilesy  of  the 
Director  of  the  South  African  Institute  for 
Medical  Research  members  of  the  Socielv 
paid  a  visit  to  the  Iiislituto  on  the  .'iid  Dc 
ceniber  last,  a  repoit  of  wliicii  appealed  in 
the  .laiiuarv  .Innnnil . 

A    vi-it    was  aNo  made  to  I  lie  woiks  of  the 
Soiiili       Afii.Mii       I'loduct.s      Manufacturing 
Company.    Ltd  ,    al    Germistoii    on    the    ITtli 
of    this    moiitli,    which    proved    hi<,'lilv    inter 
eating  and    in<4lruclive. 

InvilalioiiM  to  visit  the  work.s  of  the  I'liioii 
Steel    Corporation    and    the    Brick    and    Tile 
Workn  at    Vcreeiiigiiig.  the  lliiiiie   Pipe  Com 
pany*H    Works    at    (Jennistoii.    I  lie    HhikI    |{c 
fiiiiry    and    tlie    Hand    Carbide    Works,    have 
been     leceived,     and     the     iiecesxin  y     arrange 
nieiitu    will    no    doubt     be    cf)ni|ileted    by    tliP 
ineoniin^  Council 

.1  "orititrt/  Siirnlifii-  niiil  Tfihiiiral  Snrii  ■ 
fir*  iif  Sniilh  Afnrii  In  last  yenr'H  report 
il  w«(t  ntftled  Ihal  the  Hclieine  for  "CloHpr 
W«irkiiij»  and  .loinl  lloiiMini;"  luid  been 
realixed  in  the  iicfjiiiHil  ion  »if  the  coiiiplelely 
equipped  and  funiiNhed  premiMeM  of  the 
Scionliffc   niirj    Terhnicnl    Club       Siin-e    thvu 
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the  activities  of  the  Asricciated  Societies 
have  been  gieatly  increased  and  it  has  been 
found  necessary  to  provide  a  Maintenance 
Fund  independent  of  any  possible  levenue 
wliich  inav  be  derived  fiom  the  Club.  With 
this  object  the  Associated  Societies  have 
assessed  each  Constituent  Society  for  the 
year  1922  in  an  amount  based  on  its  mem- 
bership. Particulars  of  this  assessment, 
and  the  repoit  of  your  Council  of  its  action 
in  legard  thereto,  were  placed  before  you 
at  the  Ordinary  General  Meeting  held  here 
on  the  18th  February  last,  and  duly  pub- 
lished in  the  February  Jonnial.  This 
Society  has  been  assessed  for  the  year  1922 
in  the  sum  of  £363  6s.,  subject  to  rebate  in 
lespect  of  duplication  of  membership,  of 
which  the  fust  quaiteily  instalment, 
£90  His.  6d.,  has  been  paid  fiom  membeis' 
contiibuticns.  The  second  jjayment  of  a  like 
amount  falls  due  on  the  1st  of  July  next, 
and  at  present  the  sum  of  £16  16s.  only  is 
available  to  meet  it.  It  is  theiefore  a  mat- 
ter of  urgent  necessity  that  those  members 
and  associates  who  have  not  yet  paid  their 
contributions  should   do  so  without    delay. 

\\'(tr  .\/  r//ii)na/  .To  peipetuate  the  n  em 
(uy  of  members  of  the  Society  who  lost  their 
lives  in  the  Great  War  your  Council  has 
decided  to  have  the  names  of  those  members 
inscribed  on  a  btonze  tablet  which  will  be 
placed  in  this  Hall.  Professor  G.  E.  Pearse 
(Professor  of  Architecture  at  the  Witwaters- 
rand  University)  has  very  kindly  prepared 
a  design,  a  copy  of  which  has  this  night  been 
hung  in  the  j)lace  whicii  the  tablet  will  pre- 
sently occupy. 

('(jinicif . — Nine  n^eetings  (<f  the  Council 
have  been  held  during  the  year  as  well  as 
several  Committee  Meetings.  The  attend- 
ance at  the  Council  Meetings  aveiaged  12.1 
for  eighteen  membeis  as  compaied  with  tlip 
same  aveiage  last  vear,  when,  under  the 
old  Constitution,  Past  Piesidents  were 
er  officio  members  of  Council,  and  the  full 
strength  of  the  Council  was  tliiitv-two  mem- 
bers. 

Tlie  following  weie  the  individual  attend- 
ances :  — 

F.  Wartenweilrr    7* 

.1.   Ciiilton    (Past    President)    ...   — ' 
C.   J.   Gray    9 

G.  A.  Watermeyer  6' 

F.    W     Watson    6= 

.1      K.    Tiiurlow     8' 

II      R.    Adam    5' 

Iv    11     Johnson    3' 


.1.   11.   Johnson    6- 

A.  King   8' 

H.    S.    Meyer    7 

A.    J.    Orenstein    8' 

J.    E.    Thomas    6' 

J.    Watson    9 

A.   Whitbv    6 

H.    A.    White    5' 

J.    A.    Wilkinson    2' 

J.   A.    Woodburn    8 

Leave  of  absence  j^raiited  for  '  one  meeting, 
-  two  meetuigs,   •''  four  meetings. 

The  Council  desiies  to  place  on  record  its 
appreciation  of  the  services  lendeied  by  the 
Hon.  Auditois  and  the  lion.  Legal  Advisers. 

The  President:  In  moving  the  adoption 
of  the  Annual  Report,  I  take  the  oppor- 
tunity to  draw  your  attention  to  various 
features  and  to  bring  forward  views  which 
have  been  impressed  u])on  me  during  my 
presidential  year.  It  will  be  noticed  in  a 
.study  of  the  balance  sheet  and  the  state- 
ment of  levenue  and  exj^enditure  that  we 
ate  in  the  hapjjy  position  of  lecording  an 
actual  gain  for  the  year  under  review.  When 
it  is  boiled  down  it  will  be  found  that  the 
chief  factor  is  the  decreased  cost  of  printing, 
which  is  always  one  of  the  largest  items  of 
expenditure.  Considering  the  state  of  de- 
]Mession  generally  and  the  increase  in  fixed 
charges,  such  as  rent,  the  financial  year  may 
be  regarded  as  a  satisfactory  one. 

With  regard  to  the  Research  Endowment 
Fund,  i)erhaps  member-s  will  receive  an  im- 
))ression  that  it  is  considerable  and  that 
more  might  l)e  done  with  it.  Suggestions 
are  welcomed  and  (-})poi  trinities  will  no 
doubt  arise  to  encourage  some  concrete 
scientific  research,  which  will  expand  the 
usefulness  of  the  fund  and  fulfil  its  original 
purpose. 

In  respect  of  membership  we  have  moi'e 
than  held  our  own  and  have  secured  air 
addition.  Altiiough  our  membership  is  the 
largest  of  the  Technical  Societies  in  South 
Africa  we  cannot  let  that  suffice,  but  must 
continue  to  build  uji  on  the  excellent  foun- 
dation of  wide  inleiests  whicli  we  possess. 
It  should  be  remembered  that  the  Chemical, 
Metalluigical,  and  Mining  Society  of  Soutli 
Africa  was  the  pioneer  in  this  part  of  South 
Africa  and  that  from  the  beginning  its  mem- 
bei'ship  corrsisted  of  men  of  many  profes- 
sions, especially  those  allied  to  the  mining 
industry,   which    was   then    in   its   infancy. 

While  the  technical  qualifications  re- 
quired  for  membership  liave   rrct    been  based 
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eutirelv  &n  ?cientifi<-  and  technical  learninor, 
the  Society  was  foituuate  iu  having  as 
member^  all  the  broad  gauge  men  of  the 
time,  men  of  con-;tructive  genius  who  de- 
veloped this  most  wonderful  mining  field  in 
its  various  departments.  And  to-dav  we  can 
>  till  claim  as  members  men  of  the  highest 
technical  attainments  in  the  fields  of  chem- 
istry, metallurgy,  and  mining,  and  we  have 
expanded  by  adding  members  who  are 
authorities  in  applied  chemical  industries, 
coal  products,  iron  smelting,  and  also  in 
the  medical  aspect  of  the  industries  in  which 
we  are  interested.  Lastly  we  have  letained, 
and  continue  to  add  members  who  are  scien- 
tists in  the  art  of  finance,  an  avocation 
which,  although  it  is  not  called  technical. 
yet  requires  as  much  constructive  thought 
based  on  scientific  principles  and  is  as  exact- 
ing, or  more  so,  as  those  pursuits  called 
strictly  professional. 

It  is  to  be  regretted  that  so  few  of  the 
young  men  are  joining.  No  doubt  the  tend- 
ency' of  these  times  is  more  for  amusement 
and    lena    for    scientific    tiiinkincr.  If    anv 

.serious  attention  is  given  by  the  younger  men 
to  science  it  i.s  more  aj»t  to  be  given  to  the 
science  of  socialism  The  abstract  principles 
expounded  in  such  books  as  "Science  and 
Revolution."  "The  Class  Struggle."  and 
"The  Right  to  \}e  Lazv"  are  preferred  as 
reading  matter  to  studies  in  abstract  science 
or  the  J  on  ma/  of  our  Society. 

Oir  propaganda  wliich  teaches  principles 
based  on  fact  and  sanity  and  encourages 
men  to  achieve  si;cce>.H  and  happiness  bv 
ureful  and  creative  work  is  too  laborious  and 
cor.  ' ' — '-.ve  for  tho''e  who  expect  to  rise  bv 
de  II  and  a  general   levelling       Let    u« 

trust  that  thin  in  only  a  passing  phase  and 
thai  '     will     revive     in     wienre    and 

technp  ,  grew  among  the  younger  men 
and  that  new  di«^overie«t  and  fieldx  of  in- 
dustry will  enlarge  fhi-ir  mental  horizon  and 
aUo  their  *cof>e   for   advancement. 

In  f'on«idenng  the  Juurnnl  it  jh  perhapn 
not  alwav*  realiit«d  by  the  local  cert  ion  that 
one  third  of  our  mcml>er»  re^ifle  oiil<tide  the 
Tranivaai.  and  many  are  Mattered  over  the 
variou*  rountrie*  of  the  glolM>  To  the«e  the 
Jtiiirtwl  i«  ihe  only  meami  of  retaining  con- 
tart  with  u*.  and  we  apr  -  •  • '  , 
«ll  the  more      It  m  for 

and  for  th^me  who  reiiide  within  irach,  but 
do    not    find    il    •  "nl    to   attend    mi-f-t 

inifw.    that    the  /     m     the     prinnpal 

medium,  and   for  thi«   rea*on   it    in  of   para 
mouni  im^Kirtaoce 


It  has  been  the  Council's  object  and 
endeavour  to  supplement  our  original  papers 
by  means  of  abstracts  to  keep  pace  with  re- 
corded current  scientific  literature  and  pro- 
gress. Abstracts,  if  compiehensive  and  sys- 
tematic in  following  the  developments  in 
fields  we  cover,  can  be  most  useful. 

The  papers  read  before  the  Society  have 
on  the  whole  maintained  the  standard  set 
in  the  past.  The  Council  has  received 
several  complimentary  letters  in  this  respect. 
Several  new  members  have  presented  useful 
papers,  and  perhaps  moie  of  the  younger 
members  would  come  forward  were  not  some 
of  our  veterans  so  seveie  in  their  critiques. 
While  not  wishing  to  discourage  healthful 
criticism  a  more  dignified  tone  in  its  exer- 
cise would  often  encourage  members  to  pre- 
sent us  with  an  account  of  original  work 
performed. 

In  the  course  of  the  year  the  attendance 
at  Council  Meetings  has  been  all  tliat  could 
he  desired.  The  attendance  at  General 
Monthly  Meetings,  however,  leaves  much 
loom  for  imi)rovement.  It  has  also  been 
diflicuU  to  obtain  )>apers  for  readino^.  1 
have  natuially  gi\en  these  matters  some 
thought  and  propo.se  to  submit  to  the  in- 
coming Council  a  few  suggestions  concerning 
organisation    for  their  consideration. 

The  year  has   been   abnormal   in   our   local 
history,    and    the   times    have    not    been    con 
ducive    for    the    encouragement    of    (hat    in 
terest    in    (he   affairs   of   the     Society     wliicli 
might   otherwise  be  expected.      I   have  a  con 
viction,    however,    that     with    our    wide    in- 
leiests  and  progressive  membership  its  useful 
'•arecr   will   continue. 

In  conclusion  I  have  pleasure  in  a<-know- 
Ifdging  the  faithful  services  of  our  com- 
|)etent  Stcietary.  My  colleagues  in  the 
Council  iiave  given  the  Society  valiialilc  ser- 
vice. Our  Hon  Treasurer,  Mr  .1  H. 
Thurlow,  continue.'  t»)  wield  his  financial 
I  en  with  defliiesN.  hikI  even  fiiuls  time  to 
<oiitribiilr  to  the  Jnnriinl  I  wish  to  express 
my  ^irlcere  appreciation   tr)  all. 

Ctentleineii.  I  have  plea.ture  in  moving  the 
aiioptirxi    of    the    AiiiiiMil    Hepcirt 

Prof.  G.  A.  Walcrmeycr  had  iiiii.li 
plraHUte  in  f*e<-ondiiig  I  In*  adopt  inn  of  I  Iii> 
Annual   Report. 

The  adoption  of  the  Annual  Report  and 
Slnlemnit  of  Accoiiniii  wax  pn^xeti  iinuiii- 
mnii«lv. 
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FOKSI    A. — MEMBKRi^.. 

SCIENTIFIC     AND     TECHNICAL    CLUB, 

10  0,     FOX     STREET,     JOHANNESBURa 

P.O.  Box    1183.  Telephone  No.    1404. 

Telegraphic  Address  :  "  PERSPICAX." 


lim«T<int«d  May  K*? 


HV,  ///c  umicisi^ncd  MEMBERS  OF  THE  CHEMICAL,  METALLURGICAL  AND 
MINING  SOCIETY  OF  SOUTH  AFRICA,  hereby  recommeiid— 

CsodklBte'*  iiAine  m   full  _-...- 

as  a  fit  and  proper  person  to  become  a  Member  o/  tlic  above  Society. 


cot  ''  'Hi.-^ 

III  J 


,„h      of    Vrroposer) 
./ (Seconder) 


Ami  L  the  siittl  Candidate  for  Membership,  hereby  declare  that  if  elected  I  will  do  niv  best  to 
support  the  Society  and  uV//  observe  its  Rules  and  Bye-laws. 

Higtulittt    of    C'aodiddt' 


S>CMSi>'*      kr^r 


l>.ilC 


EXTRACTS  FROM  CONSTITUTION  AND  BYE-LAWS. 

Th'    '/lijdU   of    Ibe    *jfirty    are  :—  ' 

<»    T,     aihanrr     Trifiri.iai     an  I     \t.  *  .lli.rif ii  ;il     ciirDiiiilry   and   the   Scimcc   aiid    I'r^irtice  of    Milling. 

i>p'ini(ifiii    of    ♦mpfovrm^nl*    and    dlnrovrrif*    in    muKors 
a  fid   SI  .1.,  afTord   .Member.^  uppor- 

in  "ir>.    "■ 

■    »iii'ri   Ti.  ij    I-    rj. .    ,111,    |.ir    llie    .!■■  iMiiii'- Ill'-    .iiHue    drth-rilird    nliiwl?",    or 


(1 
1. 

lill 

T 

f- 

Mf  til 

I*-- 

u  ■ 

and 

r  *  ■ 

l« 

4 

M   ax/     *<»■ 


I.i'«      f'.r     .4<liii'.' 


lit      t  .r-  '. 

•tn*d    II  111  1 1    111'-    '» 


M»fr.    -f         itC'iAl/  r       Hti.Ji 


;i    M.MiUr   -li.ill    t>     iirii|.i>'u-(t   .m.t   ■MTondrd    liy    tun    Mi-nilimi 

'if<d    to   till'  Ctiuni'il,    and, 
.1^    next     fiillouinit.      Tlie 
'     ti.lr    III    uo    lu    cxiluJr.      Nottrr    of    Ihe    iianirH   of 
<    prior    In    ihi-    Mrrilnn. 

•-.    Iir    ilul)     iiotifmj    of    tin-    ftirt     by    (he    Srv-retnrv. 
iiall    hate    paid    Ihe    fans    dup    to    the    Mtniriy,    uii 

id    Hludcnt*     whn    may     bai    iiu>iac(|iiei«ll>'    eirdrd    In 

^  II.    |iav     III     •ii'iiial 

;>iliiii    of    Half    a 

'1.1      r-i     in    ill    J  nil    111  mill    )  ■  111 .   iiii<i   "hall   Im'  piiyablc 

'-      lif'i'i'l     r       ifli  r      till-      i-l      J.iiiii.ir.      uf     .iii-,       ^•nr, 

■'I. 
,       :  1  ill. 

,iAt%.    tfwiu    wH    Uit.    Ut41   111    llt4.   .V»ifl;,   or    U>   drjl    nilli    >ui  li   il  f.iiil  i  r« 
•--•■■  -  '      •■  t    'hf 

l.ir 

,      ,  I  lp"n'l 

nwy    fUrrm    dmirahi*^    il    khimI    und    *i  fflriint 

1))      irlVIIIK      Wllttrll     >|ll|.irl< 

>g      oil      till  ir      !»•:  '.      lU   II 
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Inrr<p4jntad  Max  "•' 


FOKM    A. — MKMBERd.. 

SCIENTIFIC     AND     TECHNICAL    CLUB, 

10  0.     FOX     STREET.     JOHANNESBURG. 

P.O.  Box    1183.  Telephone  No.    1404. 

Telegraphic  Address  :    "  PERSPICAX." 


Elected 19 

AdvUed 19-  • 

Entered  19 

No 


TfV.  flu-  tiudcrsi^ucd  MEMBERS  OF  THE  CHEMICAL,  METALLURGICAL  AND 
MINING  SOCIETY  OF  SOUTH  AFRICA,  lunhy  recommaui— 

Caii<li<iat«'»  iisiue  in    full 

as  a  fit  and  proper  person  to  become  a  Member  oj  the  above  Society. 


liij    tlie    ta 


^j    ~)  (Proposer) 
J.     [ 

y (Seconder) 


Ami  I.  the  utid  Candidate  for  Membership,  hereby  declare  that  if  elected  I  will  do  niv  best  to 
support  the  Society  and  ni'll  observe  its  Rules  and  Bye-lau,'s. 


t'riifr^BK/D      lit      BUMOCM       ' 


Dale 


EXTRACTS  FROM  CONSTITUTION  AND  BYELAWS. 

Tti'   ohjetl*   of    ibe    *jfirty    arf:—  ' 

la    T..     miUarirr    Tr<fifi.i;ki     .in. I     \f . '  illnrif ii  :il    < 'liemiittf}'   and   Ihe  Science   and    I'rartice  of   Milling- 

(I  V 

«.  I'P'irfilioii    "f    tmprovem'n**    and    dlnroverips    in    m»((eri 

atxl   II  ,1.1  nfTord   Members  oppur- 

in  "lr>.    "' 

•  iii'ii    M.  ij    I-    •i'-:.nii    (iir    the    .iiiiniii.- Ml'-    .iiMni-    (Iriu-rilird    filijBcl!<,    or 


<iii  T 


.1 

mni'm. 

M 

•  i. 

f; 

•   .   .~  r    ,-• 

in 

M,;..r 

».  • 

»• 

< 

♦»f     •»> 

].,■•     f,,r    Atiii,'- .,•!,     I'    :i    M.  iiil>  r    -li.ilt    Im'    pruiMNied   ititil   MTOII<lr<l    li)    tuo    Mi-niliers 

.41    •'imll    lie   tiilmiitled   to   (In-  Ctiuniil,   anil, 
tiri\rT:i\    .MeetinK    next    fnlloHiriK.      Tlic 
'     tutr    in    i<-n    to   exclude.     Notice   of   llie   nanieH  of 
••    prii»f    In    the    Meelinir. 

•',    lir   iliil)    nolirmj    of    till-    r.-icl    by    tlie    Secretarv. 
ii.'ill    hatr    paid    the    feet    due    to    Ihe    liiM'iely,    on 

id   K(ud<'n(4     mIio    m<iy     bn   RulMe<|iienll>'    elected    to 

'  .',  ,  .    |,gy     HI    .iiniial 

: n    III    Half    a 

ri-i    'ii\    Id    J  Hit    III  rwi  ii    I'iii,   iiii'l   "liall   Ih-  piiyabic 


I>  • 

r  ir'  11 

>f 

riHNj 

OHllt 

Ihr 

rm 

»ri«i|        i»-r«>|i;f-         1    !#-       'Ill       III 


■41.  <•    fut     ««aii 
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Founded  March  IHH 
incorporated  May  1907 


Fi»KM    B.     Associates. 

SCIENTIFIC     AND     TECHNICAL    CLUB, 

100,     FOX     STREET,     JOHANNESBURG. 

P.O.  Box   1183.         Telephone  No.   1404. 
Telegraphic  Addrest :  "  PERSPICAX." 


Eledea IS-. 

Advwed 19.- 

Entered 19-.. 

No 


/  heiehv  apply  for  admission  as  an  Associate  of  THE  CHEMICAL, 
METALLURGICAL  AND  MINING  SOCIETY  OF  SOUTH  AFRICA,  and  declare  that  if 
admitted,  I  ivill  do  my  best  to  support  the  Society,  and  null  observe  its 
Rules  and  Bye-Laivs. 


Signature    of    Applicatit. . 
Applicant'.s  came  in    full  . 


Aililrcss  to  Ije 
Registered 


rrofession    or    Business     ' 
(.H:cupatioii.  i 


Dale 


EXTRACTS  FROM  CONSTITUTION  AND  BYE-LAWS. 

The  oltjccts  of   the   Society    are  :  — 

(a)  To    advance     Technical     and     Metalhirgical     Chemistry   and   the   Science  and   Practice  of   Mining. 

(b)  To  cultivate  all   branches  of  pure  Chemistry. 

(c)  To   extend    the   knowledgo   and    practical    application    of    improvements    and    di-scoveries    in    matters 

l>earin};    nn    the    Chemical,     Aretallnr^ical    and   .Mining   profes.sions  and   to  afford   Members  op|)or- 
tunilies    for    interehange   of   ideas   on   Chem.stry.    Metallurgy    and    .Mining. 

(d)  To  do  all  things  wliicli   may   be  desirahlc   fur    the    attainment    of    the    aixnc    described    objects,    or 

any  of  them. 
Associates.— Applications  for  Asaociateship  shall  b€  ma^e  in  the  form  provided  in  annexiire 
"B"  hereto.  Associates  shall  he  admitted  by  th«  Council.  Should  an  Associate  desire  to  become 
a  Member  of  the  Society,  such  Associate  shall  be  proposed,  approved  and  elected  in  the  manner 
provided  for  in  Bye-law  2.  Associates  sha.!!  have  all  the  privilegee  of  Members,  with  the  exception 
of    holding   office    and    voting. 

ICvury  candidate  oliall  on  his  election,  or  admittance,  be  duly  notified  of  the  fact  by  the  Secretary, 
and  no  elect  imi  shall  be  confirmed  until  the  candidate  shall  have  paid  the  .fees  due  to  the  Society,  un 
election  or  admittance. 

The  Entrance  Fee  fur  Meml)erj  and  for  .\ssociat<'S  and  Students  who  may  be  suljseQuenlly  elected  to 
Membership,  shall  Iw,  One  Guine.T,  payable  on  election. 

Larh  Meml)cr  shall  pay  an  annual  subscription  of  Two  Guineas;  each  Associate  shall  pay  nn  annual 
subscription  of  One  and  a  Half  (iuinea.s:  and  each  Student  .shall  pay  an  annual  subscription  of  Half  a 
Cninea.  .Ml  subscriptions  shall  become  due  on  the  first  day  of  July  in  each  year,  and  shall  be  payable 
in    advance. 

Should  any  Member,  Associate,  or  Student  be  elected  on  or  after  the  1st  January  of  any  year, 
his  subscription    for   the    remainder   of   the   current    financial    year    shall    be    one-half   the    usual    subscription. 

The  Council  shall  have  power  to  strike  the  names  of  MemlxTs,  .Vs.sociates  and  Students,  wlin.se  sub- 
scriptions are  in  arrear  for  two  years,  from  off  the  Roll  of  the  Society,  or  to  deal  with  such  defaul'efit 
03    in    its    discretion    it    sees    lit. 

Memlxsrs,  As-ociales  and  Students  whose  £ub«criplions  for  the  current  year  remain  unpaid  aft'T  'I'li 
Ist  day  of  Oclobf-r  may  be  denied  the  privil^pr-s  of  the  Society  pending  payment  of  the  same.  Tiie 
Council  may,  on  the  report  of  a  Sub-Committee  apiminted  by  them  for  the  purixise,  remit  the  subscription 
of  any  Meml)cr,  .As-sociate  or  Student  for  such  period  as  it  may  deem  desirable,  if  good  and  sufficient 
reason    l>e    advanced    h.v    any    MemlKT,    .\ssociate    or    Student. 

.Members,  Associates  and  Students  may  at  my  time  resign  from  the  Society  hy  giving  written  notice 
to  the  Secretary,  and  on  payment  of  all  liabilities  to  the  ■  Society  then  existing  on  their  pa."t,  such 
resignations    shall    he    accepted    by    the    Council. 
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However,  that  \va<  not  the  fault  of  the 
scrutineers.  He  thanked  theui  most  heartilv 
for  canying  out  their  dutie.-,  which  had  been 
les.«   onerous   thi?   vear   than    befoie. 

Mj-.  S.  Newton,  en  behalf  of  the 
Scrutineers,  wished  to  thank  members  for 
the  very  kind  remarks  which  had  been  made. 
He  could  assuie  them  he  looked  forward  to 
i«eing  the  pile  of  ballot  envelopes  bigger 
in  the  future  than  it  was  now.  It  would 
be  a  work  of  love  to  them  if  they  cculd  onlv 
exttnd  their  labours  two  or  three  hours 
lon?er. 

Mr.  C.  J.  Gray  pioposed  a  hearty  vote 
cf  thanks  to  the  Honorary  Auditors.  Messrs. 
Alex.  Aiken  and  Caiter.  and  to  the  Hon- 
orary I^^al  Advisers,  Messrs.  Van  Hulstevn. 
Feltham  <t  Foid,  of  the  Society,  and  pro- 
pcFed    their   re-electicn. 

Mr.  H.  A.  White  had  nnich  pleasure 
in  reconding  the  vote  of  thanks. 

The  vote  of  thanks  and  le-election  were 
agreed   to   unanimcusly. 

NEW     MEMBERS. 

The   ballot    was   taken    for   the  election    of 
ntw    members,    and    tlie    following    were    de- 
claied    unanimously  elected:  — 
HiCH.   N.   \V..     American    Cyaiianiid    Co..    oil, 

Fifth    Avenue.    New     York     City.      r..S..\.  : 

Te<hiiu-<»lonisi. 
Dr.  Sjiiin-.    K.    A.    H.    F  .    .Modder    I)e«|i   Levels, 

\.U[  .    li<-iioni  :     DiiM    Iii«-i)e»tor. 
fi»^^HH«Kii.    H.     .1..      WitHat4Tsriind     (J.M       Co  . 

Ltd..   KniKhts.    .Mine  Captain. 

.Ml.  H.  R  Adam  wished  to  thank  Mr 
VVartenweiier  lor  the  very  txcellent  work 
which  he  had  dcnt^  a«t  Ptesident  duiing  the 
past  year  They  alt  kiuw  the  lrem€ndou.<) 
amoiinl  of  work  he  had  put  into  his  year  of 
office       With    te<;Hr<l    t<»    llie  '  -    which 

the    I'rcniid*  lit    bad    made   an  or    two 

a(;o,    he  thought   they   would    all   appreciate 
hiH  thouifhi*  very  much   in   the  futute. 

Mr.  Jat.  Gray  raid  he  had  much 
plenoiire  in  Mronding  the  vole  of  lhank<* 
io  the  I'leiiident  for  the  manner  he  had 
worker!  in  the  inlere^in  of  the  Socielv  dur- 
ing (he  paj>l  year  lie  thought  Mr.  Warten 
weiler  li'id  <<t  a  very  hii;h  HtAiidnrd  in  the 
Chair,  bill  he  w««  ^atiMfied  that  FrofenH/.r 
Watermever  would   maintain  it 

The  Preticient  aid  he  would  like  Io 
draw  the  attention  of  membem  to  the  fart 
that   Profeuor  Wilkinson,  one  of  their  Paul 


Council     of     the 
was     because     lie 
of     extia      woik 
liis    own    duties. 


j  Piesidents.  and  one  who  had  served  for 
eighteen  years  continuously  on  the  Council, 
including  the  Presidency,  was  about  to  retire 
fiom  the  Council.  He  thousfht  thev  should 
take  note  ot  it,   and  pass  a  vote  of  thanks. 

Mr.  Watermeyer,  in  seconding,  said  he 
thought  it  ought  to  be  a  vote  of  censure. 
Professor  Wilkinson  had  done  very  well,  but 
there  was  no  reason  whv  he  should  not  do 
a   bit   better.      (Laughter.) 

Prof.  J.  A.  Wilkinson  thanked  them  very 
much  indeed  for  tlial  unexpected  pleasure. 
Tiie  reason  he  was  dropping  from  the 
Society  at  the  moment 
liad  now  a  wood  deal 
to  do  in  addition  to 
in  that  nt  .v  laboiatoiies 
for  the  Chemical  Department  were  being 
built  at  Milner  Park,  and,  in  addition,  his 
was  one  of  the  heaviest  depaitments  in  the 
Univeisity.  He  had  felt  in  past  years  that 
he  had  not  been  able  to  give  that  attention 
to  the  Society  he  ought  to  have  given,  and 
for  that  leason  he  felt  he  ought  to  make 
way . 

There  was  another  reason,  and  attention 
had  been  diawn  to  it  tliat  night  ;  it  was  this 
— he  liad  ofttn  felt,  when  gentlemen  in  the 
Chair  had  been  asking  the  younger  membeis 
of  the  Society  to  come  forward,  that  there 
had  been  a  ])letiioia  of  tlie  older  members 
who  stood  in  their  way.  lie  had  felt  it  was 
only  the  due  of  the  younger  members  that 
they  should  bo  allowed  to  take  up  tiie  leins 
of  <>fficp  and  see  what  the  administrative 
work  of  a  council  like  tlieirs  was  like. 
Theiefoie  he  thoii^jiit  the  people  who  had 
served  a  long  time  ougiit  to  make  way  for 
such.  For  (ho.se  (wo  i canons  he  had  s(ocd 
down  this  year.  He  would  like  to  t«ll  them 
that  his  inteiest  in  the  .Society  would  not 
cease  with  iiis  depaituie  fioin  (he  Council 
lie  felt  HUie  (hat  the  Council  liiey  had 
fleeted  (hat  night,  under  the  giiidam-e  of 
Plof<  •'^or  Wati't  niever,  would  j,'()  r(.iwjird, 
and  (hat  the  new  Council  would  uphold  its 
1 1  adit  ioiix 

It  was  indeed  a  wn-iich  to  dissociiilc  him 
lelf  frcni  the  Council  after  all  (hose  long 
years  of  service,  which  he  would  probably 
feel  moie  as  (he  dayM  wiiH  by,  in  that  he 
was  iiol  in  the  counsels  of  (hose  who  were 
tunning  I  he  Stx-iely. 

Shortly  (hey  were  to  have  a  .Mctnorial 
Tabli  t  on  the  wall  for  all  thoHe  inciiibcrN 
who  had  laid  down  their  lives  duiing  the 
Inle    war,    and    he    hoped    when    that    tabid 
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came  that  most  of  the  members  of  the 
Society  would  roll  up  and  support  the 
Council  in  doing  their  duty  to  those  brave 
men,  whose  memory  would  be  thus  per- 
petuated. 

He  wished  the  new  Council  every  possible 
success  in  the  coming  year;  and,  in  doing 
that,  of  course,  it  was  to  wish  the  Society 
and  the  members  of  the  Society  every  pos- 
sible success. 

Looking  back  on  the  years  he  had  served 
on  the  Council,  he  did  not  think  he  had 
ever  served  with  a  body  of  men  where  thero 
had  been  greater  harmony,  and  with  whom 
it  had  been  such  a  real  pleasure  to  work. 

The  President  announced  that  the 
index  of  the  ./oiir/uil  for  the  years  1920-21 
would  be  in  the  hands  of  the  printers  some 
time  in  July. 

Mr.  Jas.  Gray  asked  whether  the  Society 
was  printing  a  list  of  members.  He  thought 
it  was  about  seven  or  eight  years  since  this 
had  been  done.  Now  that  ])riuting  ex])enses 
were  down  he  thought  it  only  right  that 
they  should  have  a  levised  list  in  order 
that  they  might  know  who  were  members  of 
the   Society. 

The  President,  in  iej)ly,  said  he  was 
very  glad  the  matter  had  been  brought  up. 
Il    would    be    leferred    to    the   Council. 


EXHIinTION    AND    DKMONSTRATTON 

OF    DKVICES,    ETC.,    OF    PRACTICAL 

ADVANTAGE. 


DEVICE   FOR   UTILISING    WORN    TUBE  MILL   BARS. 


Mr.  J.  R.  Thurlow:  On  the  table  are 
nictlels  of  a  device  for  utilising  worn  tube- 
mill  bars  as  mortar  box  and  chute  liners. 
Tiie  bars  aie  cut  to  size  with  bevelled  ends 
and  held  in  place  by  the  turned  edge  of  the 
container.  The  latter  is  made  from  3/ 16th 
inch  mild  steel  plate,  in  three  sections  to 
fit  (he  interior  of  the  mortar  box — or  as 
nianv  as  desired  for  chute-lining  ])urposes. 
In  the  case  of  mortar  boxes  it  is  found  in 
practice  that  it  is  seldom  necessary  to  dis- 
turb the  container  once  it  is  in  position,  the 
worn  bars  being  readily  removed  and  new 
ones  inserted  with  the  container  in  ])osition. 
If,  however,  it  is  desired,  the  containers  can 
be  removed  and  replaced  by  duplicates  as 
in    the   case    of    ordinary     liners,     the     worn 


sections  being  sent  to  the  blacksmith  for 
renewal  of  bars.  The  cost  of  a  set  of  con- 
tainers for  mortar  boxes  is  estimated  at  £5; 
except  they  meet  with  accidental  damage 
they  last  indefinitely,  the  worn  bars  only 
being  replaced.  The  price  of  the  bars  de- 
pends on  ciicLimstances.  Usually  they  are 
obtainable  as  scrap  at  a  nominal  figure,  the 
cost  of  the  cutting  is  not  a  serious  item,  and 
where  tried  the  scheme  has  resulted  in  ap- 
preciable saving  in  cost  of  lining  mortar 
boxes. 

As  legards  the  life,  it  is  difficult  to  give 
a  definite  figure  owing  to  the  variation  of 
the  incidence  of  the  wear  and,  to  some 
extent,  the  variation  of  quality  in  the 
bars.  Under  fair  wear  and  tear  conditions 
containers  lined  with  bars  from  local  iron 
works  show  a  life  of  two-thirds  that  of  the 
best    manganese    liners. 

The  device  has  been  originated  by  Messrs. 
Ruller  and  McCarthy,  of  the  Knight  Central 
Mine. 

Mr.  H.  A.  White  n^oved  a  hearty  vote 
of  thanks  to  Mr.  Thurlow  for  the  explana- 
tion of  his  interesting  device.  He  thought 
it  lequired  to  be  e.\i)lained  that  jierhaps  the 
idea  of  using  those  bars  lo  save  the  lives  of 
niortar  boxes  was  not  entirely  new, 
because  they  had  had  a  description  of  two 
devices  already  given  before  the  Society ;  one 
he  believed  was  by  Mr.  Dickson,  and  the 
other  by  Mr.  Neill.  But  the  ])oint  he 
noticed  about  this  was,  the  new  device  con- 
tained in  the  container  itself,  which  ren- 
dered these  things  much  more  useful,  but 
he  might  say,  in  connection  with  the  other 
devices,  descriptions  of  which  had  already 
been  published,  thev  had  sonu times  gone 
out  of  use,  because  it  had  been  found  very 
difficult  to  retain  the  bars  in  the  right 
position.  The  device  before  them  now 
seemed  (o  have  gol  over  that  difficulty,  and 
therefore  represented  considerable  improve- 
ment. He  had  much  pleasure  in  moving  a 
vole  of  thanks  to  Mr.   Thurlow. 


RIDER      ST.\NO     FOR     ASSAY     BALANCE. 


Mr.  John  WatsonrThis  little  device  can 
be  made  by  any  handy  person  in  a  short 
time,  from  a  piece  of  clean  white  cardboard, 
two  sections  of  cork,  and  a  few  dro])s  of 
seccotine  or  glue.  It  may  be  regarded  as 
an  addition  to  the  weight -box,  which  usually 
has  only  one  space  for   riders. 
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A  mine  assayer,  who  has  to  weigh  the 
beads  (parted  or  not)  at  the  end  of  his  assay 
process,  does  probably  95%  of  such  weighing 
with  rider  weights. 

The  stand  shown  this  evening  (sketch 
herewith)  will  carry  four  different  riders: 
half    milligram.    1    milligram.    5    milligrams, 


and  10  milligframs,  which  will  be  found  suf- 
ficient  for  most  purposes.  The  riders  sit 
astride  of  the  cardboard,  each  in  its  proper 
marked  position,  and  can  be  lifted  by  the 
forceps,  gripping,  flat-wise,  over  the  looped 
liead. 


This  little  stand  can  be  kept  inside  the 
balance-case,  and  it  will  be  found  that  the 
wear  and  tear  of  the  riders  is  reduced  to  a 
minimum.  The  chief  advantase  is  the  ease 
of  changing  the  rider  from  stand  to  balance- 
beam  and  vice-versa.  Having  got  a  set  of 
four  riders  of  proved  accuracv,  the  one  in 
u.>^e  will  be  on  the  balance-beam,  or  rider- 
lifter,  the  other  three  on  their  respective 
positions  on  the  stand. 

Mr.  Jas.  Gray  in  proposing  a  vote  of 
thanks  to  I\lr.  Watson,  said  he  also  had  a 
grievance,  viz..  that  it  had  taken  hint 
eighteen  years  to  tell  them  about  the  device. 
(Laughter.)  He  would  like  to  tell  Mr. 
Watson  that  he  could  easilv  get  over  the 
bone  or  steel  forceps'  difficulty  bv  using  a 
camel  hair  brush,  which  was  the  proper 
tiling   to  use. 


GOLlJ  PRKCIPITATIUN  HV  ZINC  DL'ST   AND    1\    CONJUNCTION    WITH    THE 
DE-AKRATION      OF      SOLUTION      AT      MODDEKFONTEIN  "B." 


By  S.   Newton   and   L.   L.  Fewstlr.    A.R.S.M. 


The  precipitation  of  gold  from  cvanide 
«oIution.H  by  zinc  dust  at  Modder  "B"  dates 
from  1911  wlien  milling  operations  first  com- 
menced. This  pa{>er  deals  with  two  periods, 
viz.,  that  prior  to  the  introduction  of  de- 
aeration  of  solution  and  the  period  subse- 
f|ijent  to  thi)>. 

Arranffrment  ant/  /)r»iffn  of  I'lant. — The 
I  '  ition    plant     .  of     ttic     usual 

•  !...: —      clarifiers,      ;..i»      sumps,      zinc 

feeder,  two  triplex  Gould  pumpx,  one  small 
centrifugal  pump,  and  two  Merrill  precipi- 
tation   prf^i«e«. 

The  layout  of  the  plant  in  simple  and 
direct,  the  chief  fault  in  deitign  l>eiii^  that 
the    Oould     jmr  ,ip     on      ((round      Icvi-I, 

wiiereai    the  i-ad  "    or   general    solu- 

tion «>upplv  Mump  IN  below  ground  level,  thuii 
It  pufrip    •'urlion    imp')*«Mible 

u  ..  uonal     alterationn         Thii* 

I'  ■ip|iAr#>rillv     overlooked     in     original 

(i*^ii;ii.    i«   of   <  importniice,     anri 

had  •'■  '■*■  ••■'  ^.'i  ,.11.11  the  Cruwi*  method 
of    d<  rtf    Milution    by    vnriMirii    wan 

in«talle<i   in   »eplem(>er,    1921 

Tl"  I      will)      Iho 

preri|  .    .  .    ..   , n.   -(ind  nii«l 

•  lime   IrealmenI    oiimp*    m- 

C)ne  •;  lulion  aeltlemrnt    tank,   Ah'  % 

T.  cone    , 


Tliree  gravity  sand  clarifiers,  45'  .\  6',  flat 
bottom. 

One  steadyhead  or  general  solution  su])plv 
sump,  4(V  X  4',  flat    bottom. 

One  filtrate  or  pre.ss  effluent    intermediate 
I     sump,    25'    X    5',    flat    bottom. 
I         One      filtrate      or      precijjitated      stjlutioii 
'     storage  sump,  50'  x  8',  flat   bottom. 

One   strong    solution    suni|>,    20'    x    8'.    flat 
bottom. 

Tlu-      I  wf)      original      Gould      iiiini|(s      had 

'     plungers  of    7"   and    8"    dianicirr,   >  I  lokes   of 

8"    and    10",   and   <-apa(iti('s   of  .')(»   tons   and 

<')0  toiiH  per  hour  respectively.      The  smaller 

pump    has    since    been    rp|)lacc(l    bv    u    larger 

one  of   the  same  type   with   K"   plunders  ami 

12"    Hiroke    which    at     (he    jnescnl     xpeed    of 

j     44  crank  shaft   reVH.   per  miiiule  has  a  capa 

'     city  of  88  tons  per  hour. 

Zinr  Frnfrr  The  original  zinc  fj>e<h'r 
'  intended  for  iit  miIIi  zinc  dust  was  I  In-  hell 
type,  the  control  of  the  feiMJ  bi-ing  bv  nn-ans 
of  cone  piilh'VH  dii\in^  pawl  gi-ars.  the  zinc 
lo  U'  fed  being  -preud  aloiij,'  the  bell.  Thin 
type  of  feeder  had  been  Iriefl  previoiiHly  nt 
New  Moddi-r  (»  M  .  and  dis<-ardi'd  mi 
nccouni  of  irft^nlar  feeding  owin^  lo  Ihr 
l>ell  clipping  Till'  Hpiral  nr  wr>nn  feoil  wan 
therefore    iiiMlalled    nl    Mdtldcr     II  It     in 

timple   and   roiipiftt*   of   n    hoppt-r  ••inlaining 
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the  zinc,  tlirough  the  bottom  of  which  a 
long  screw  operates — the  speed  of  the  screw 
controlling  the  feed,  theoretically.  Owing 
to  tlie  peculiar  "packing"  properties  of  zinc 
dust,  affected  considerably  by  humidity,  this 
method  of   feeding  had   to   be   discarded. 

The  next  zinc  dust  feeder  to  be  used  was 
made  on  the  mine  and  was  quite  novel,  as 
far  as  the  authors  are  aware.  This  Modder 
B.  feeder  was  designed  and  made  in  1914 
by  Mr.  Paterson,  the  cyanide  fitter,  and  has 
been  used  satisfactorily  until  the  installation 
of  the  de-aeration  process  in  Sejjt ember, 
1921.  It  allowed  of  the  finest  adjustment 
required  at  the  time,  viz.,  about  ISOlbs.  per 
24  hours,  and  gave  an  almost  continuous 
feed.      Its  description  is   as   follows:  — 

The  cone  has  a  bracket  carrying  a  white 
iron  pinion  and  shaft  which  revolves  on  two 
bearings  on  the  base  ])late.  Above  the 
pinion  is  a  white  iron  bar  which  takes  all 
the  weight  of  the  cone  hopper  containing 
zinc  dust.  When  the  press  pump  starts  it 
causes  the  feeder  pinion  to  revolve  at  about 
14  r.]).m..  resulting  in  a  vibrating  and  up 
and  down  movement  of  the  ho])])er,  wliich 
prevents  any  tendency  to  choking  of  the 
regulator  cock  at  the  bottom  of  the  hopper. 
This  feeder  has  practically  only  one  wearing 
part,  the  while  iron  bar,  which  requires 
changing   about   three  times  a  year. 

Until  October,  1921.  the  zinc  from  the 
feeder  had  been  v.ashed  down  a  3"  pipe  by 
a  small  amount  of  solution  from  the  Gould 
])ump  delivery,  together  with  a  continuous 
drij)  of  lead  nitrate  solution  and  10  tons 
])er  hour  of  strong  solution  (-05%  KCN), 
supplied  by  a  small  centrifugal  pump  used 
to  maintain  strength  of  general  sup])ly  of 
solution    for   precipitation. 

We  have  now  reverted  to  the  belt  type  of 
feeder  with  our  o-wn  simple  modifications 
which  have  resulted  in  an  absolutely  control- 
lable feed.  This  is  obtained  by  using  a 
leather  belt,  for  carrying  the  zinc  dust,  the 
edges  of  which  are  punched  with  §"  holes, 
pitched  to  mesh  over  sprockets  on  the  head 
and  tail  ])ulleys,  the  belt  being  driven  by 
chain  and  gears.  There  is  thus  no  slipping 
of  the  zinc  feed  belt  or  intermittent  motion 
due  to  pawl  action. 

With  the  reversion  to  this  method  of 
feeding  came  the  introduction  of  the  cone 
fitted  with  float  and  plug  attachment, 
arranged  so  as  to  maintain  a  ])ractically  con- 
stant solution  level  in  the  cone  and  forming 
an  effective  seal  which  prevents  air  from 
being:  drawn  with  the  zinc  emulsion  into 
the  pump.     Inserted  in  this  cone  is  a  vortex 


mixer  which  draws  down  and  wets  the  zinc 
particles  which  otherwise  would  have  a  ten- 
dency' to  float  on  the  surface  of  the 
solution.  In  all  types  used  the  zinc  feeder 
has  been  driven  from  the  pinion  shaft  of 
the  Gould  pumjis. 

I'icri  pitdtHiii  /'/esses. — There  are  two 
Merrill  precipitation  presses  originally  of 
40  units  each,  but  since  extended  to  46  units 
each.  A  unit  consists  of  a  standard  52" 
triangular  hollow  fiame  and  double-sided 
drain  plate  (constructed  on  similar  lines  to 
the  moie  familiar  Johnson  filter  press),  and 
the  feed  ])ipes  are  so  arranged  that  the  solu 
tion  and  piecipitant  enter  from  the  bottom 
of  each  hollow  frame.  The  solids,  ^raduallv 
accumulating  in  the  frames,  are  kept  in  con- 
stant agitation  and  the  best  efficiency  in  zinc 
dust  i)recipitation  obtained.  The  solid  frame 
or  filter  plate  has  two  top  discharges.  The 
plates  are  covered  witli  a  double  thicknes'. 
of  12  ounce  cotton  duck,  which  have  a  life 
of  about   four   montlis. 

Experience  has  shown  that  one  of  the 
main  essentials  of  good  precipitation  is  a 
])erfectly    clear     solution.  Previously     the 

various  sands  solutions  and  slimes  solutions 
were  precipitated  separately,  but  recently 
only  one  solution  or  one  combination  of 
solutions  has  been  ])recipitated.  The  whole 
of  the  "loading"  solution  obtained  from 
the  Putters  plant  together  with  the  first 
portion  of  the  "wash  solution"  20  mins.  or 
30  mins.  of  the  total  wash  of  60  mins.  i^ 
delivered  to  the  settling  tank,  and  thence 
through  tiie  three  clarifiers  placed  in  ])arallel 
to  the  "steady  head."  Into  the  "steady 
head"  is  also  run  (he  first  30/36  hours  of 
the  first  leacliing  from  the  sands  treatment 
tanks.  Tiie  attached  diagram  gives  an  idea 
of  the  solution  cycle.     (See  Flow  Plan.) 

Tiie  ])uinpiiig  system  is  arranged  .so  that 
any  desired  solution  from  the  sum])s  or 
steady  head  can  be  pum])ed  at  will,  the 
]>ump  delivery  being  connected  by  two  jiipes, 
direct    to    the    jirecijiitation    ])resses.  Two 

gauges,  one  near  ihe  j)ump  and  the  other 
between  the  ))resses  indicate  pressure  con- 
dit  ions. 

When  commencing  a  fresh  cycle  of  pre- 
cipitation, zinc  dust  is  fed  in  at  the  rate  of 
500  lbs.  the  first  day,  350  lbs.  the  second 
day,  200  lbs.  the  third  day,  and  then  about 
150  lbs.  for  each  of  the  remaining  days  of 
the   run. 

The  gold  cvanide  solution  together  with 
the  zinc  precipitant  i;j  i)uinj)ed  into  the 
precipitation  presses  where  the  solution  must 
pass    through    a    uniform    filtering    layer    of 
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The  Associated  Scientific  &  Technical 
Societies  of  South  Africa 


FILM     EXHIBITIONS. 

By  arrangement  with  the  African  Films  Trust  and  local  firms 
in  possession  of  suitable  films,  a  monthly  exhibition  of  Travel. 
Industrial  and  Technical  films  will  be  given  in  the  Scientific  and 
Technical  Club,    1  00   Fox  Street,   Johannesburg. 

These  exhibitions  will  take  place  at  8  p.m.  on  the  fourth 
Saturday   of  each   month,    commencing   July,    1922. 

Admission  will  be  free  to  Members,  and  friends  accompanying 
Members. 

CLUB     DANCES. 

Monthly  Dances  will  be  held  in  the  Scientific  and  Technical 
Club  on  the  first  Saturday  in  each  month,  commencing  August, 
1922.   open  to  Members  and  their  friends. 

A  first-rate  band  has  been  secured,  the  floor  is  in  excellent 
condition,    and   an   enjoyable   evening   is   assured. 

Tickets — Single  5  -.  Double  7  6— may  be  had  from  Members 
of  the  Controlling  Executive,   or  from   the  Secretary. 

LUNCHEONS,      DINNERS,     ETC. 

Members  of  the  Associated  Scientific  arui  Technical  Societies 
are  reminded  that  Luncheon  is  served  at  the  Club.  I  00  Fox  Street, 
every   weekday— including   holidays. 

Dinners  may  be  arranged  any  evening  by  notifying  the 
Secretary  before  2  p.m. 

Tea  is  •erved  in  the  Club  Lounge  every  morning  and 
afternoon. 

PATRONISE    YOUR    OWN    CLUB. 
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CAMERON  PUMPS 

FOR    DEPENDABLE   PUMP    PERFORMANCE 


CAMERON 

Simplex    Pumps 

are  constructed  specially  ior 
the  particular  work  thev  have 
to  do.  The  simplicity  of  dc- 
sij»n  and  ruy^edness  of  each 
individual  part  are  f<atures  of 
tlujsc  pumps  ensurinj^  dura- 
bility. .  -Many  liave  been  in 
service  for  30.  40,  and  even 
50  years. 
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Royal  School  of  Mines  Frecheville 
Research  Fellowships 

The  Imperial  College  of  Science  and  Technology,  South  Kensington,  London, 
S.W^7,  with  which  the  Royal  School  of  Mines  is  incorporated,  is  oftering  two  Research 
Fellowships  of  £300  a  year  each,  tenable  for  one  year  and  possibly  renewable  for  a 
second  year,  to  aid  in  carrying  out  any  investigation  or  research  connected  with 
Mining,  Mining  Geology,  Metallurgy  or  the  Technology  of  Oil,  which  in  the  opinion 
of    the    Selection    Committee    is    of    sufficient    use    or    promise. 

Applicants,  who  may  be  Associates  of  the  Royal  School  of  Mines  or  others,  and 
preferably  men  with  some  practical  experience,  if  resident  in  South  Africa,  should 
apply  in  writing  to  the  Secretary  of  the  Chemical,  Metallurgical  and  Mining  Society 
of  South  Africa,  Johannesburg  (from  whom  further  particulars  may  be  obtained), 
before  1st  September,  1922,  giving  the  nature  of  the  proposed  investigation, 
qualifications    for    the    work,    and    references. 

it  is  anticipated  that  the  Committee  will  make  the  awards  by  the  end  of  November, 
so  that  the  Fellowships  and  work  may  begin  on  1st  January,  1923.  Holders  will  be 
expected  to  devote  their  whole  time  to  the  work,  which  may  be  conducted  at  the 
Imperial  College,  or  '  in  special  circumstances  elsewhere  at  the  discretion  of  the 
C^ommittee. 
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fine  grcdned  precipitant,  thus  ensuring  con- 
tact between  each  metal  bearing  molecule 
and  the  precipitant,  and  leaving  behind  in 
the  press  the  precipitated  metals  and  the 
unconsumed  zinc  dust. 

The  effluent  from  the  press  or  "filtrate" 
passes  to  an  intermediate  sump  from  where 
it  is  pumped  to  the  Butters  plant  as  'wash 
solution"  or  to  the  sands  plant  for  "last 
washes."  Drip  samples  are  taken  from  the 
pump  suction  column  prior  to  the  entry 
of  the  precipitant  for  "head  values"  and 
-imilar  samples  are  taken  from  the  filtrate-'^ 
Two-hourlv  samples  of  the  filtrates  are 
taken  and  tested  colorimetrically.  Should 
precipitation  ""go  off"  slightly  (anytiiing 
over  .04  dwt.  tail)  filtrate  samples  are  tested 
more  frequently  until  the  cause  is  located 
and  remedied. 

The  most  common  troubles  with  precipi- 
tation are  shortage  of  zinc  feed  and  low- 
cyanide  strength,  although  the  cause  of 
un-atisfac^ory  precipitation  at  times  has 
been  extremely  difficult   to  locate. 

Clean-up. — When  the  consumption  of  zinc 
wa.«  in  the  neighbourhood  of  .166  lbs.  of 
zinc  per  ton  milled  there  were  normally  two 
clean-ups  per  month,  but  during  the  period 
of  experimental  work  or  investigation  clean- 

•  ip'  have  been  irregular  in  number,  the 
j  re-.-ure  and  pump  duty  determining  the 
dale  of  the  clean-up.      Prior  to  opening  the 

'•r  riean-up,   air  is  blown   through   to 
.    .  •-   as    murli    moi.sture   a.s    possible.      A 
'  1 1  low  tray  on  wheels  is  placed  beneath  the 
■  T'--'  and  the  flo-in;^  piece  of  the  pre.'<s  with 

•  irawn.  The  acciiniiilated  rake  of  precipi- 
tated metal.'-  and  nnrplus  zinc,  etc.,  in  re- 
moval from  the  hollow  franie<<  and  cloths  by 
r   •  -    ..^         T>  ,.    |„p   cloth    is   subse- 

■  I   «p,   and   placed    in 

a  locker  until  kucH  timefi  an  the  rlothn  are 

'her  by  hot  water  or  tifalfd  with 

ic      acid  After      examination. 

ili<>y  are  either  paimed   for  a   further  period 

of     ii^rfiiliK^-fc    or     c  <d,      burnt      and 

t.,..'),.,!       t;  ,.   under  are   u-e^l   an  top 

re<J  and  replncwl  by  new  oneM. 
Wh««n  the  zinc  diirt   prfH-emi  whh  firwt  com- 

'      •    ^'    "or   n     t'         -     .    from 

acid  id  ted, 

rifird.  and  cu|)ell«d,  but  thin  metlio<l   not 

■  finufd  in  favour 

;    and    pot    >«inell 

ini;,  wlii'-h  in  turn  irav«  wav  to  acid  treat- 
ment,   '^  tid   riipri 

!•";'       ,\  ,  .  -      ...    J-.  >  <  ipitntc  !• 

•  l»«"d  in  flif  T.i%riiftr  furnace  without  and 
treatment 


Details  of  Operation. — Even  previous  to 
the  adoption  of  de-aeration  the  eflUciencv  of 
the  process  depended  to  a  great  extent  upon 
the  elimination  of  the  air  contact  with  the 
solution  after  the  addition  of  the  zinc  dust. 
The  quality  of  the  zinc  dust  employed  as 
precipitant  is  very  important,  some  supplies 
of  zinc  dust  having  been  found  to  be  useless 
as  efficient  precipitant.  The  zinc  dust, 
which  should  be  fiee  from  o.xide.  is  passed 
through  a  90  mesh  sieve  to  remove  any  large 
particles  of  foreign  matter.  Cyanide  and 
alkalinity  strengths  require  careful  control, 
the  .-olution  being  kept  to  at  least  .017% 
KCX.  and  about  .02%  CaO. 

Tlie  reducing  power  of  solutions  when  it 
passes  beyond  certain  limits  affects  precipi- 
tation, and  its  source  is  to  be  found  in  the 
mill  water  circuit  which  is  made  up  from 
underground  or  mine  water.  Control  of 
reducing  jicwer  is  maintained  by  (e.-ting  the 
water  with  N/10  pola.ssium  perniangaiiate 
and  adding  the  requisite  quantity  of  chloride 
of  lime  or  sodium  liy])ochlorite,  which  is 
produced  on  the  mine  at  a  small  cost  by  the 
electrolysis  of  biine. 

It  had  been  the  custom  at  Modder  B. 
until  about  eighteen  months  ago  to  have  a 
constant  diij)  of  lead  nitrate  solution 
(24  lbs.  per  shift)  entering  the  circuit  along 
with  the  zinc  feed.  When  tiie  drip  of  lead 
nitrate  was  discontinued  and  the  lead  nitrate 
solution  added  to  the  circuit  via  the  darifiers 
a  very  marked  reduction  in  zinc  coui^umption 
was  quickly  obtained.  Wiieieas  previously 
the  consumption  of  zinc  dust  had  ln-eii  about 
.16  lbs.  ])er  ton  milled  or  .17  ll)s.  ])er  ton 
of  solution  pie<ipitated,  it  fell  to  .10  lbs. 
per  ton  milled  or  .12  lbs.  per  ton  of  solution 
j)recipitated.  This  is  apparently  explained 
by  the  possibility  of  some  of  the  ])articles  of 
zinc  beroming  so  heavily  coaled  with  metal- 
lic lead  that  they  were  unable  to  juecipil  ate 
any  gold  from  the  cyanide  solution.  If  you 
introflucp  the  hiimaii  factor,  or  nct,'h'ct ,  in 
preparation  of  the  lead  nitrate  solution  [i<v<\ 
a»  a  drip,  it  is  conceivable  that  pre«-i|>itat ion 
wr>iild  be  considerably  affected  at  times  by 
the  greatly  v.iri.int  'tnin/llis  of  lead  nitrate 
xnliit  ionx. 

Kffirirnrif  miil  Cupmilf/  The  compact- 
iii-HN  and  neat  n|ipr<araiic«  of  the  inecipila- 
tif>n  plant  a?e  the  firHi  points  to  attract  one's 
atlenlion,  the  npacn  occupied  by  the  preNHes 
beiii'/  only  n  fr«<*lion  of  that  teipiired  bv 
zinc  boxen  precipilat  1111;  the  vanu*  aiiioiint  of 
Dolution  per  day  The  arraiigeiiienl  of  the 
plant    ix  Niich   that    all   operalioiiN   ate   under 
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control.  Moie  uniform  and  eflScieut  precipi- 
tation is  obtained  due  to  the  fact  that  a  fresh 
surface  of  precipitant  is  bein?  constantly  ex- 
posed to  the  solution,  whereas  in  the  zinc 
shaving  precipitation  the  zinc  surfaces  be- 
come insulated  at  times  by  a  deposit  of  lime 
and  zinc  salts,  necessitating  frequent  dress- 
ings of  the  boxes,   which  have  the  efifect   of 


Cock  No.  1.  dist.  4ft.  from  zinc  inlet 
Ccck  No.  2,  dist.  20ft.  from  zinc  inlet 
Cock  No.  3,  dist.  60ft.  from  zinc  inlet 
Cock  No.  4,  dist.  100ft.  from  zinc  inlet 
Cock  No.  5.  dist.  200ft.  from  zinc  inlet 

Filtrate   

Head   Value   

The  effect  of  a  large  excess  of  zinc  en  pre- 
cipitation in  the  pump  column  will  be  noted  ;     \ 
a!-o   the    lapiditv    and    completeness   of    ])re- 
(-ipitation  in  tl:e  press  itself. 

The  clean-up  involves  little  handling  of 
rich  precipitates  compared  with  the  cum 
bersome  and  mesrv  operation  of  a  zinc  box 
riean-up  which  of  necessitv  is  more  frequent 
owing  to  the  demands  of  efficient  precipita- 
tion. It  is  simpler  and  quicker,  and  per- 
mits of  the  conversion  into  bullion  of  all 
precipitated  gold,  thus  avoiding  the  "carry 
over"  of  the  zinc  shaving  clean-up. 

The  "carrN-  over"  on  a  laige  cvanide  plant 
would  i>o«  ibly  be  about  3,rK¥>'  ozs.  K.G.. 
which  at  £4    lOn.  {ler  ounce  would  represent 

a  loM  of   jC67o    ]• im   at    5",,    interest. 

IxMwea  due  to  hai  _    and   theft   aie  mini- 

nii.<!«d,  a«  duiine  the  interval  between  clean- 
u[>«f    there   i><    :  illy    no   point    at    which 

theft  ifl  pO!»«iiL..    ..     ..uv  interference  with  the 

pre^M    which    contain»    all     the     precipitated 

(ircciout    metal    would    l>e    irnmediatelv     ob- 

#Tv<"d       One    very    markwl    feature   of     thi.x 

l>TtAe^n  in  the  abwrnce  of   while  precipitate." 

The  capacity   of   the   precipitation    prexfCH 
'by  reference  to  the  accorir 
■  ri 


Inthooi  <  Trr»\     or     "Ckowi;     .Mi.Tii«>r>"     or 
VKtvvu   l>R  ArRATios  AM>  iTM   Krrr.cT 
Tin*    pf  -  ••  •'■»•    wtml    ....  ....f    develop 

m»nt    in    I  t»  of    .-  for   pr«* 

I   in   cyanide   Miiutron,   mid    i" 
'I  h'dh  zinc  ahavini;  and  zinc  dunt 

i    ■     .  '" 

It  «a«  Ami  inrliillr4i  in  the  I!nit«d  Klateo 
llip     TrniMvnnI     ChanilnT     of 
^...  -  ...<  te«J    an    inve«liKAlion    into    lii 


mechanically  destroying  a  certain  amount  of 
useful  zinc. 

Owing  to  the  e.xtremelv  fine  subdivision  of 
the  zinc  dust  only  a  very  .-liort  time  of  con- 
tact between  the  zinc  and  the  gold  bearins: 
solution  is  required  to  give  almost  complete 
precipitation  as  evidenced  by  the  following 
tabulation  :  — 

10  11)s  Zinc  Fhwh. 
Low  Feeil.  Low  Keed.      T«keu  imine<ii«tf  ly 

after  iiddine  Zinr. 
Test  No.  1.  Test  No.  2.  Te.'^t  Xo  3. 

I>wt.  i>er  toil.         Dwts.  iier  ton.        Dwts.  per  ton. 

5.50  4.96  3.39 


4.87 

4.86 

1.90 

4.65 

4.95 

4.82 

1.07 

4.80 

4.83 

0.58 

.02 

.02 

.02 

6.05 

5.37 

5.37 

efficiency  and  practicability  at  the  City 
Deep,  Ltd.,  where  zinc  shavings  are  used  as 
the  precipitant.  As  a  result  of  the.'^e  local 
trials  ])lants  have  been  installed  at  various 
n\ine>  on  tiie  Witwatersrand,  both  in  con- 
nection with  zinc  dust    and   with  shavings. 

Vacuum  de-aeration  was  placed  in  com- 
mission at  Modder  H.  in  September.  1921, 
and  careful  records  have  been  kej)!  of  the 
operations  since  that  date,  as  ate  shown  to 
a  certain  degree  by  the  grapiiic  illustrations 
arrd  the  tabulations  attachetl.  Whilst  in  the 
old  ])rocess  the  exclusion  of  air  from  the 
.-olution  corttaining  the  zinc  dust  precipitant 
is  practically  contplete,  the  elimirtation  of 
the  dissolvetl  air"  oi"  oxvgtn  is  made  possible 
liV   the  de-aeration   method. 

Cyanide  solutions  goirrg  to  precipitation 
urrder  ordinary  conditit.ns  are  more  or  less 
satirrated  with  air  absorbed  ilirring  agitation 
in  slimes  treatment,  in  sands  treatment,  and 
in  operr  sumps.  The  Crowe  rrtethod  iniioves 
the  air  bv  |)assing  the  s()liiti«)rr  llironoh  a 
vacuum  receiver  immediatelv  prior  to  the 
addition  of  the  zinc  dust    preci|iitant 

The  altnclicd    flow   plan   will   serve  to  illus 
trato    the    additions      to     the     preci|)ital  ion 
equipment   h»   irow   converted    for   the   a))pli 
cation   of   vnciriim   deaeratioii       Thi-se   addi- 
liorM  form  a  complete  and   independent    unit 
ill    t  heriiHelvcH,    nwikirig    it    possible   lo   isolate 
the  lie  aeration  portion  of  the  4(pii|iMiriit  and 
run  on  previous  practice,  as  woulij   be  ncces 
*ary,  for  irflance,  if  lh«*  vacuiiin  piiinp  broke 
down  for  any  leiii^th  of  linn- 

The  nb'tve  aildilioiiH  citiiHist  ol  ji  suliilion 
"bnoxter"  pump,  vacuum  pump,  vacuum 
rr«eiver,  and  urrptmnry  connect iom«.  VHlve<i, 
•  !<•  The  boottler  pump  in  a  t'lin  Siilzer  with 
40ft.    hvad,    which    furc«N     the     gold  bearini; 
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cyauide  solution   from  tlie  steadyliead  to  (he 
toj)  solution  inlet  of  the  vacuum  leceiver. 

The  vacuum  leceiver  is  a  cylindrical  iron 
tank  ]2ft.  high  and  8ft.  diameter,  placed  at 
a  height  of  api)roximately  35ft.  above  the 
valve  chests  of  the  Gould  pump,  thereby 
maintainins:  a  flooded  suction  of  the  Gould 
pump,  this  height  being  necessary  to  over- 
come the  efTect  of  the  vacuum  in  the  leceiver. 
Fiom  an  eflicienty  j)oint  of  view  this  flooded 
suction  is  imperative  in  older  to  prevent 
ingress   of   air   through   pump   glands. 

The  ui){)er  portion  of  (he  vacuum  leceiver 
is  filled  with  wooden  giating  through  which 
the  solution  from  the  booster  pump  passes. 
While  not  actually  atomised  the  solution  ex- 
poses sufficient  suiface  to  the  efTect  of  the 
vacuum  that  its  dissolved  oxygen  content  is 
reduced  from  about  6  mgm.  to  0.5  mgm.  per 
litre.  The  lo'ver  ])ortion  of  the  receiver  acts 
as  a  small  storage  tank  for  the  Gould  ])ump, 
the  supply  to  the  leceiver  being  controlled 
by  a  butterflv  valve  in  the  booster  ])ump 
delivery  column  actuated  by  a  crank  rod 
connecting  the  valve  with  a  ball  float  inside 
the  receiver. 

A  gauge  glass  indicates  the  height  of  the 
solution  in  the  receiver  and  a  piessure  gauge 
on  the  booster  puni))  column  immediately 
below  the  butterfly  valve  i-hows  the  ])ressure 
acting  against  the  pump. 

The  vacuum  is  maintained  by  a  Woi  thing- 
ton  feather  valve  water  cooled  vacuum  pump 
connected  bv  lin.  piping  to  the  top  of  the 
vacuum  receiver.  The  gauge  usually  shows 
22in.    cf  vacuum. 

The  de-aerated  solution  ])ass^s  from  the 
bottom  of  the  receiver  to  the  Gould  pump 
suction,  receiving  on  its  way  the  zinc  dust 
precipitant  which  is  i'ed  as  desciibed  pre- 
viously. 

The  vacuum  pump  ami  receiver  have  a 
capacity  of  3,000  tons  i)er  24  hours,  but  a 
dutv  of  2,050  tons  suffices  at  present. 

The  operation  of  the  jnocess  is  continu- 
ous and  practicallv  no  ojierative  attention 
is  required  beyond  adjusting  the  solution 
duty  and  the  keen  observation  of  details  as 
for  the  old  process.  The  routine  cycle  of 
operations  is  sim|)le ;  the  gold,  cvanide,  and 
alkalinity  values  have  to  be  controlled  as 
previously,  and  samples  are  taken  and  gold 
tests  performed.  Oxygen  tests  are  also 
carried   out    as   part    of   the    routine. 

After  clean-up  the  ])iesses  aie  redressed, 
rlosed  uj),  the  rate  of  flow  of  solution  fixed 
and  zinc  is  fed  in  at  the  lale  of  40  lbs.  in  the 


first  45  mins.,  40  lbs.  in  tlie  next  75  min3.< 
and   40   lbs.    in   the   next    120   minutes. 

The  filtrate  values  aie  usually  down  to 
.04  dwts  in  from  one  to  two  liouis  when  the 
zinc   feed   is  cut   down   to  4    lbs.    jier  hour. 

The  filtiate  sam})les  aie  continually  being 
tested  c'olori)netrically  until  good  precipita- 
tion is  established. 

Since  the  intioduction  of  the  Crowe 
method  the  acid  tieatment  of  the  zinc  gold 
slime,  as  mentioned  before,  has  been  discon- 
tinued and  direct  Tavener  furnace  smelting 
of  the  })iecipitate  resoited  to  on  account  of 
the  decreased  consumi)tion  (,f  zinc  and  in- 
creased value  of  ])iecipitate  and  smaller 
amount  of  i)iecipitate  to  be  tieated.  Should, 
however,  (he  zinc  consumption  be  still  fur- 
ther reduced  it  will  possibly  mean  that  pot 
smelting   of   (he   slime    will    be   advisable. 

As  (he  full  })iecipitation  plant  is  the  only 
experimental  plant  possessed  by  this  mine 
it  will  be  obvious  to  all  ])iactical  members 
that  investigations  jjioceed  at  a  ))ainful!v 
slow  late  when  clean-ups  are  cairied  out 
onlv  twice  i)er  month,  and  the  most  iin- 
poit'Uit  features  fiom  the  manager's  point 
of  view  is  the  "call"  and  (he  filtrate  values. 

From  (he  results  of  one  or  two  iccent  de- 
terminations it  has  been  found  that  the  zinc 
gold  slime  fiom  the  clean-uj)  now  contains 
about  40%  moisture  and  (he  dried  slime  v- 
reducible  in  weigld  bv  abou(  45'',',  bv  treat- 
ment   with   sulphuric   acid. 

The  chief  ])iactical  disadvantage,  if  it 
may  be  so  (eimed,  of  de-aeiadon  a))plied  to 
zinc  dust  pieci])itation  from  the  purely  ])rac- 
(ical  side  is  due  to  (he  smaller  amount  iJ 
precipi(an(  used  and  consequeiU  higher 
grade  of  pieci])ita(e,  which  resuKs  in  a  more 
.-•limv  and  less  permeable  cake  in  the  pi  ess, 
Exjieiimrnts  have  bf.Mi  caiiied  (uit  employ- 
ing various  materials  as  added  filtering 
nifdiums,  such  as  giouiid  coke,  sawdust,  and 
Kieselguhr  in  order  to  obtain  a  more  ])orous 
cake  in  (he  press.  So  far  Kieselguhr  ap])ears 
to  be  (he  mos(  satisfactory  added  filtrant. 
The  efTect  of  a  sufficient  amount  of  (his  aid 
to  fil(ra(ion  is  shown  in  the  grajjhs  attached. 

The  gra])hs  and  (abuIa(ion  su])ply  a  record 
of  operafions  and  results  over  continuous 
))fiiods  and  icpre.-ent  the  everyday  practice 
of   (he   ])rocess. 

Our  (hanks  are  ilue  to  ^\v.  C.  L.  Hutlin. 
Manager,  and  Mr.  K.  L.  Graham,  Consult- 
ing Me(allurgis(,  for  permission  to  ])ublish 
these  notes.  Also  to  Mr.  l^arrv,  the 
Rt  finery  Superintendent,  for  valuable  as- 
sistance and  ])liotographs. 
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No.   1     Vibrmlinc  Zinc  Duat  Feeder. 


No.  2     Belt  Zinc  Du«t  Feeder  and  EmuUifier. 


N«    i       4  «■•   o   pasittnri   tn    P>a<k»M*lt««   Piav* 


No     4      Tnwrr   •(!(!   Va' tjurti    l/r<«i««# 
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The  President,  ill  (hanking  (he  au(hors 
lor  the  paper,  remarked  that  they  had  un- 
doubtedly put  in  a  tremendous  amount  of 
work  into  it,  and  its  prac(ical  value  had  (o 
be  conceded.  He  thought  ihey  had  ex- 
plained the  process  now  in  use  at  Modder  B. 
clearly.  Having  been  connected  with  zinc 
dust  precipitation  for  many  years,  his  first 
lecollections  of  the  ])iactical  process  went 
back  26  years,  when  the  principal  idea  was 
to  throw  in  ])ou!ids,  even  hundredweights, 
of  zinc  dust  into  a  tank  and  pump  it  into  a 
filter  press.  The  photograph  the  authors 
had  shown  that  night,  illustrating  the  small 
amount  of  zinc  gold  slime  in  the  frame  at 
(he  clean-up,  was  interesting;  it  certainly 
illustrated  the  evolution.  Naturally  they 
did  expect  improvement  in  26  years. 
Jle  well  remembered  in  the  early  days  of 
the  process  when  they  dealt  with  those  large 
quantities,  the  dread  of  the  clean-U]),  when 
often  the  zinc  gold  precipitate  was  hard 
and  sometimes  of  the  nature  of  a  brick. 
On  one  occasion  thev  had  so  much,  and  it 
was  .so  hard  that  it  had  to  be  crushed  in  a 
gyratory  crusher. 

He  thought  the  history  of  piecipitatioii  at 
]Modder  B.,  as  outlined  by  (lie  authors,  was 
a  record  of  pei severance  and  endeavour  for 
improvement  and  efficiency.  He  hoped  that 
they  would  have  considerable  discussion  on 
the  paper. 

Mr.  C.  J.  Gray  seconded  the  vote  of 
(hanks  (o  the  authors  for  their  very  interest 
ing  ])ai)er.  lie  could  not,  liowever,  claim 
to  know  much  about  the  subject  as  he  was 
)iot  a  metallurgist,  but  he  thought  the  jiaper 
illus(ra(ed  the  point  which  Mr.  Wartenweiler. 
their  Piesident,  had  drawn  attention  to 
earlier,  that  in  a  Society  in  which  different 
sciences  in  connection  wi(h  mining  were 
drawn  (ogedier  they  did  get  a  benefit.  It 
was  a  great  advantage  to  all  of  them  to  see 
points  of  view  in  connecfion  wi(h  other 
branches  of  the  subjects.  H  (hey  lived 
alone,  as  it  were,  and  confined  their  thoughts 
(o  their  own  specific  subject,  (hey  mus(  un- 
avoidably become  exceedingly  narrow.  They 
could  never  see  how  those  different  i)apers 
might  give  (hem  ideas.  He  did  no(  know 
exacdy  how  (he  ])aper  would  benefi(  mining, 
but  it  had  struck  him  (ha(  there  might  be 
somediing  in  the  process  which  was  not 
generallv  known,  which  might  make  it  speci- 
ally suitable  in  ceHain  ciroimst ances,  say, 
at  small  mines  or  mines  working  on  par- 
(icular   conditious.      Tt    migh(    be   of    advan- 


tage to  mining  men  to  know  that  such  pro- 
cesses were  in  existence,  and  to  know  some- 
thing at  least  of  the  principles  which  were 
concerned. 

A  point  which  he  did  not  think  had  been 
perfectly  clearly  explained  in  the  paper,  was 
the  amount  of  labour,  skilled  and  unskilled, 
involved  ;  it  seemed  there  might  be  con- 
!-iderable  saving  in  labour  in  comparison 
with  ether  processes. 


THE   CORRELATION   OV  METAL- 
LURGICAL STATISTICS. 


Bv  H.  A.  White. 


(I'rintrd   in    Journal,    Dcrcniher,    1921.) 


REIM.V    TO    DI.SCUSSION. 

Mr.  H.  A.  White  in  reply  to  the  dis 
cussion  on  his  paper,  said,  as  the  amount 
of  discussion  was  very  small,  ])erhaps  that 
was  only  to  be  exjjected,  as  it  was  a  new 
subject,  and  one  that  evidently  had  not  suc- 
ceeded in  arousing  any  very  great  interest. 
He  had  to  thank  Dr.  Caldecott  for  the  kind 
icmaiks  he  had  made,  and  he  could  only 
add,  with  legret,  (hat  the  masses  of  valu- 
able information  whicii  lav  buried  in  their 
mine  head  offices  should  not  have  the  advari- 
tage  of  (he  latest  methods  of  statistical 
analysis  ajjplied  to  them,  because  he  felt 
sure  that,  if  (ha(  were  done,  a  great  deal  of 
leallv  valuable  information  might  be  ex 
tiacted  fiom  what  was  at  present  chiefly 
waste  paper. 


THE     COMIU'STION     OF     SOUTH 

AFRICAN   COALS   IN   BOILER 

FURNACES. 


Bv    E.    P.    Reim,    B.Sc. 


(I'linfrtl   in    .lain  mil,    .hiniinri/,    1922.) 


REPLY    TO    DISCUSSION. 

I  am  grateful  to  Mr.  Gray  for  his  discus- 
sion on  my  pa])er,  and  for  the  additions  and 
corrections  which  make  the  pa])er  more  com- 
plete. 

I  hope  Mr.  Gray  will  not  (hink  it  a  poor 
way  of  sliowing  mv  gratitude,  if  T  make  one 
or  two  criticisms  on  his  discussion.  May  I 
commence  wi(h  his  concluding  paragraph: 
"His    s(a(emen(    (hat    one   can    estimate   the 
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suitability  of  coals  for  diffeieut  puipos-es  by 
this  means  is  absuid."  Here  Mr.  Gray 
makes  a  dogmatic  statement  that  mv  line  of 
argument  is  absuid,  without  giving  auv 
reasons  for  this  conclusion.  Surely  that 
attitude  precludes  all  possibility  of  further 
discussion  on  that  point,  which  I  i egret.  1 
mav  mention  thai  ray  views  on  this  question 
in  general  aie  not  isolated:  A.  L.  Booth 
E.^.,  of  Armstrong  Whitworths.  read  a 
pap>er  on  this  subject  before  the  Iron  and 
Steel  Institute.*  In  the  "Star"  of  the  3rd 
November,  1920,  appeared  the  following 
extract,  which  I  imagine  lef erred  to  this 
same  engineei  : —  "The  selection  of  the  par- 
ticular coal  to  give  the  best  lesults  for  cer- 
tain put  poses  has  alwavs  been  an  im])oitani 
matter  for  the  engineer.  To-dav,  with  the 
*-  '  -J  cost  of  coal,  it  has  l>ecome  a  vital 
J  Hitheito   it    has   lieen   tlie  custom 

to  rely  upon  chemical  compositions  and  tests 
of  the  heat  value  of  coals,  but  the  engineer 
of  a  leading  firm  v.  hich  buys  about  \  million 
ton.s  of  coal  eveiv  year  for  vatious  uses,  con- 
firms the  suspicion  that  .something  more  is 
needed  before  the  most  economical  coal  in 
each  ca.'e  can  be  determined.  He  has  worked 
out  a  series  of  microscopic  tests  by  which 
;ls  ate  classified,  each  class  being 
•  lit  for  .'•team  raising,  or  gas  pro- 
duction or  Miine  other  paiticular  service. 
The  '      'ed  is  to  giind   the  surface 

of  a    1   .,  .      J  coal  exceedingly  smooth. 

fix  it  by  the  smr>oth  surface  to  a  piece  of 
gla.<ei  and  grind  auay  the  lemainder  on  the 
gla.<m.  When  examined  under  the  microscope 
thi.«  nitre  reveal<i  the  inner  vttucture  of  the 
coal.  The  behaviour  of  the  coal  when  fired 
rorre-pondt  to  it«  "ttucture.  which  tliu.s  pro- 
vide* an  index  to  the  u«e  which  ought  to  \>e 
made  of  the  roal  The  name  investigation 
haA  found  that  vjtv  uniform  results  are 
given  by  "ample*  from  the  one  "earn  of  coal. 
■o  that  one  or  two  tenti  are  wuflicient  to 
ilifie««  of  the  He.iin  If  thi- 
:;.....-.  .  •....,., .id.  It  will  \teiOiiH-  pft^xible 
to  order  roal*  according  lo  an  exact  Hf)eri 
firation,  much  an  in  now  done  with  uperial 
••e*»!«  and   •Ihn'i"  " 

Ooini;    in    ■e<|iience     throii(fh     ihf     points 
which  Mr    Gray  raiM<l 

I    admit      having     inltrMiucfd     n     leilNin 

a -'  <>ilraneoii«  nialler,   but    if«  rnlire 

lo  «   n.attrr  of  opinion  What 

•ppeaU   to   me  a«  having    the    leant    tiearing 

•    H-..th     on    ih*   Krfinomir  Hf\frtwn   of  Coal. 
/  :(    thf    Iron    nnil    SIffI    tnthlulr.    Vol 


on  the  combustion  of  coal  in  boiler  furnaces 
is  spontaneous  combustion,  which  subjec* 
Mr.  Gray  ciiticises  me  for  dismissing  in  less 
than  a  column.  Surely  that  is  rather 
illogical. 

I  legiet  that  seme  arithinelical  nnstake> 
have  crept  into  my  paper  and  some  tvpo- 
giaphical  errors,  such  as  the  omission  of  a 
decimal  point  in  a  position  where  its  omis- 
sion is  obvious;  also,  natuiallv,  tlie  inajoritv 
of  mv  calculations  aie  approximations  b\ 
^lide  rule,  but  I  do  not  see  how  the  cor 
rected  figures  make  any  diffeience  lo  the 
validity  of  mv  aigument. 

I  thank  Mr.  Giay  for  mentioning  a  point 
that  I  omitted,  namely,  that  it  is  lecog- 
ni.-jed  that  the  temperatures  to  which  coal 
has  usually  been  subjected  during  formation 
has  not  exceeded  300°  C.  Iloweyer,  even 
at  300°  C.  giadual  volatilisation  must  take 
place.  Of  course,  higher  temperatures  must 
liave  been  obtained  in  jiarts  of  the  Natal 
Coalfields,  wlieie  dyke  has  intruded  im- 
mediately   btneath   the   coal. 

I  am  grateful  to  Mr.  Gray  for  his  dis- 
cussion on  the  subject  of  iinpuiities,  as  it 
contains  si, me  yaluable  information  new  to 
me. 

Nafunlly  the  usiial  pioceduie  is  to  design 
a  steaming  plant  atcoiding  to  the  coal  avail 
able,    but    my    idea    in   considering   the   com 
bustion    of   coal    for   any    particular    purjiose 
was.    strictly   speaking,    a    digression:     1    was 
thinking  of  (he  coal  export    liadr,   where  we 
have    to    compete    with    (jlhcr     count  lies     in 
>-uj)plying  coal   for  vaiiou-  put  poses  jn   pxist 
iiig  plants;  for  metallurgical  ami  otlurwork. 
as  well  as  for  steam   laising. 

On  the  combustion  of  coal;  as  it  is  very 
difTicult  to  deteimine  for  any  sam|>le  the 
exact  form  in  whi<"h  the  oxygen  is  combined, 
the  usual  piaclict*  '\*  to  a.ssume  the  oxygen  to 
b«*   combined    with    the    hy<liogfn  * 

Mr    fJiay  slatex;    "It   is  generally  admitted 
that    calculations    of    the    caloiifi<-    yalues    of 
trrnn    (he    figuien   ol)taiii«M|    on    ultiiiuiti' 
li  give  faiily  ^Ht  isfartory   ii-iill-,"   bill 
I   think  he  xhoiild  have  added   here,   "if  em 
piiical     forii'iihif    ati>     iixi-d"        In*      will      no 
doubt   agiin  (hat    nn   I    pointed   out    the  calo 
lific      value      obtaii'e<l     by     multiplying     (he 
wi'igh(N    of    (he    combust  ibli'H    per    pound    of 
roni    by   (heir   ^eparHtl•  mlorific   valiU"*   in   in 
aiciiiatc      The  naxoii   foi    inrluding  Hulphur 
in   the   iirM(    cnlciiladoii    in   (lia(    i(    \»   a   com 
buxtiblf,    aldiMii;;!!    it-    ifTrct     in    yery    xmall 
In    the    tirond    r-a*i<    I    (|iimIc<|     nn     finpiiical 
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fcimula  which  iiicludes  the  oxS'gen  and 
nitrogen  content,  the  term  containing  these 
being  subtracted  from  the  remainder,  show- 
ing that  as  the  oxygen  and  nitrogen  con- 
tent increases,  more  heat  is  required  for  the 
dissociation  of  the  compounds  in  the  coal. 

T  am  sony  that  Mr.  Gray  cannot  follow 
my  line  of  argument  on  the  behaviour  of 
coal  on  burning  in  a  furnace,  as  I  tried  to 
make  the  description  as  plain  as  possible. 

I  am  not  complimented  by  Mr.  Gray's 
suggestion  that  I  am  so  lacking  in  an.  ele- 
mentary knowledge  of  the  subject  as  to  con- 
sider the  volatile  matter  and  the  fixed  carbon 
in  tlie  coal  as  definite  chemical  entities.  1 
might  have  been  moie  correct  in  stating 
instead  of  fixed  carbon  "that  portion  of  the 
coal  which  contains  a  higher  percentage  of 
fixed  carbon  than  the  sui  rounding  portions." 
Portions  are  undoubtedly  almost  pure  fixed 
carbon,  such  as  the  carbonised  lemains  of 
conifer  wood  shown  in  Microphotographs 
1  and  2;  that  ])ortion  of  that  particular 
sam])le  being  verv  little  different  from  ordin- 
ary chaicoal.  Also  Mr.  Gray  may  not 
have  noticed  thai  T  mentioned  on  p.  118: 
"It  is  probable  also  that  the  fixed  carbon  even 
is  present  in  not  altogether  its  free  state." 
Naturally  one  gets  gradations  from  the 
portions  highest  in  fixed  carbon  to  those 
lowest  in  fixed  carbon,  but  the  extremes 
may  exist  side  by  side  in  a  s])ecimen,  e.g., 
Microphotograph  9,  in  which  undoubted 
vegetable  remains  can  be  seen  (unfortunately 
this  is  not  as  clear  in  the  photograph  as  in 
the  s})ecimen  itself),  and  it  seems  natural 
to  suppose  that  the  filling  matter  in  between 
these  and  the  particles  of  incombustible 
matter,  is  derived  from  the  slimy  ooze  and 
so  is  high   in   volatile  matter. 

1  fail  to  see  any  unreasonableness  in  my 
statement,  "Regarding  the  asli,  if  this  is 
fairly  heat  resisting,  such  as  that  containing 
chiefly  silica  and  alumina,  and  is  compactly 
distributed,  it  will  retain  its  original  shape." 
Taking  a  metallograpliical  analogy  of  a  bear- 
ing metal,  if  one  knows  the  comj^osition  and 
properties  of  tlie  softer  and  harder  constitu- 
ents and  their  mechanical  distribution*  one 
can  foi  m  an  idea  as  to  what  would  be  the 
most  suitable  use  for  the  metal.  Why  should 
this  not  also  ai)])ly  to  coal?  Surely  if  we 
know  the  aj)pr()ximale  composition  aiul  the 
properties     of     the     constituents     and     their 


mechanical  distiibulion,  we  can  form  an 
idea  as  to  what  will  take  place  during  and 
after  combustion.  Regarding  the  micro- 
scopic examination  of  coal :  knowing  the 
properties  of  solvents  such  as  pyridene,  it 
seems  too  obvious  to  need  comment  that  one 
can  etch  coal  to  show  uj)  local  differences  in 
carbon    percentage. 

I  must  thank  Mr.  Gray  for  the  informa- 
tion he  gives  under  the  head  of  storage:  his 
remaiks  confirm  my  ideas  on  the  cumulative 
effect  in  spontaneous  combustion.  Natur- 
ally coals  high  in  volatile  matter  are  high 
in  the  more  unstable  compounds,  and  so 
they  must  oxidise  moie  leadily.  Lomax 
showed  that  in  spontaneous  combustion 
other  factors,  which  he  investigated,  some- 
titnrs  took  a  more  important  part. 

There  is  one  misa])j)rehension  that  I  must 
correct,  as  a  matter  of  courtesy,  and  that  is 
that  I  was  not  responsible  for  the  alterations 
to   the   boiler   plan*    under  consideration. 

I  much  ap])reciate  Mr.  Gray's  discussion, 
especially  so  as  1  am  continuing  my  work 
on  coal,  and  find  constructive  criticism  a 
boon. 


The   meeting   then   terminated. 


OBITUARY. 


LT.-COL.    C.    B.    SANER. 


*  V.  -Miciopliotoniaplis  hy  Johnston  tt  Trwin 
in  the  Journal  nf  flic  S.A.  I uslit nHnn  (if  Enqi- 
nterx.     Mav.    1922. 


It  is  with  deej)  regret  that  we  have  to 
recoid  the  death  of  Charles  Benjamin 
Saner,  one  of  the  Past  Presidents  of  the 
Society,  lie  was  the  eldest  son  of  the  late 
Ca])t..  Charles  Taylor  Saner,  of  Hull,  an  old 
l)ioneer  of  I  lie  Rand,  and  at  one  time 
manager  of  the  Rietfontein  Mine  and  the 
Van  Ryn  Gold  Mine  Estate.  He  was  born 
oil  tlie  5111  May,  1873,  and  obtained  his 
mining  education  at  the  Royal  School  of 
Mines,  London,  where  he  took  his  Associate- 
ship  in  jNIining  in  the  year  1895.  ife  be- 
came a  member  of  this  Society  in  1902,  and 
was  a  member  of  the  Council  during  the 
years  1904,  1905,  and  1908,  Vice-President 
in  1909  and  1910,  and  elected  President  in 
.June,  1911  He  was  also  a  member  of  the 
Institution  of  Mining  and  Metallurgy,  of 
the  Mine  Managers'  Association,  and  one  of 
tlie  founders  and  also  a  President  of  the 
now   defunct    Institute   of   Mine   Surveyors. 

In  1903,  in  association  with  Mr.  Geo. 
Carter,  he  read  a  paper  before  tliis  Society 
entitled       "Underground       Handling        and 
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Transport  of  Ore.  "  which  is  quite  a  classic 
en  the  subject,  and  in  1908  he  contributed 
"Note  on  a  Problem  during  Shaft  Sinking." 
His  Pi  evidential  Address  delivered  in  Feb- 
ruary, 1912,  was  a  verA'  interesting  review 
of  the  mining  problems  of  the  dav. 

When  manager  of  the  Turf  Mines  he  sank 
the  shaft  there  prior  to  the  amalgamation 
of  that  property  with  tlie  Village  Deep. 
Later  he  managed  the  Tiansvaal  Gold 
Minins  E.'^tates  at  Pilgrims  Rest  and  the 
Luipaards  Vlei  Estate  and  Geld  Mining 
Companv. 

He  relinquished  mining  some  seven  vears 
ago,  and  took  up  farming  pursuits  on  the 
South  Coast  of  Xatal,  and  later  at  the  Sun- 
day's River  settlement. 

He  was  a  keen  volunteer  and  first  saw 
niilitar\'  ser%-ice  in  the  South  Afiican  War 
with  the  Railwav  Pioneer  Regiment.  Later 
he  commanded  the  Witwatetsrand  Rifles, 
and  was  bitterly  disappointed  that  reasons 
of  health  prevented  liim  fiom  leading  his 
regiment  in  tlie  South-West  Afiican  Cam- 
paign and  from  ser\'ing  overseas  in  the  late 
War 

At  college  lie  was  alwavs  a  gieal  favourite 
with  hi.s  contemporaries,  and  his  disposition 
was  such  that  his  popularitv  was  maintained 
in   after  life. 

The  deepest  sympathy  is  extended  to  his 
bereaved  widow  and  three  childien  and  the 
other   members   of   the   faniilv. 

C.  A  \N' 

BOOK   REVIEWS . 


CONCENTRATION   MY   FLOTATION,  bv 
T       A       Rirkairi         N»-w      Voik:      Jolin 
Wiley  ic  Sons,  Inc.     London  :   Chapman 
A    Ifall.    Ltd        1921 
Mr     RurkHrd,    hIio    in    the    editor    of     the 
Minnuf   anil   Snintifir    I'rrnti   of     San     Fran 
rif>co,  haji  compiled  a  third  volume  on   flota- 
tion   from    ar'     '  hirh    liavp   appeared     in 
that    journal             -  n    \\)\'t    and     1920        In 
Addition  to  the  twenty-two  articlett  reprinted 
in    two    iKKik"    |>>ibli-h«i    in    1910    and    1917, 
eighteen   more  tL(i-nl  pa|>ert<  aie  incjudi'd  in 
the    pie)«nt    volume,    and    even     lho«)«     who 
have  arreMi  to  the  journal  will  find  llii»,  the 
Utr  '    -        •    'ition,  ronvenieiil    and   VHliiabU- 
'I                          have  b«>n   w|rrlr<l    to  iiirliide 
•ti   ph«<)«^  o^   (he   mihjerl  A    roniiidernble 


I  he   pfoceiM   and   (he    extraordinary     patent 
liliffafion    involve<l    are    of     great      intereal, 


particularly  lo  those  who  are  hoping  for 
some  improvement  in  patent  laws  and  pro- 
cedure. 

The  more  practical  aspects  of  flotation  are 
discussed  in  papers  describing  large  estab- 
lished plants  in  America,  Canada,  and  Aus- 
tralia, while  special  articles  aie  devoted  to 
the  diflirult  questions  involved  in  the  hand- 
ling and  smelting  of  flotation  concentrate. 

There  aie  inteiesting  aiticles  on  differen 
tial  flotation,  including  desciiptions  of  pro- 
cesses used  or  tiied  at  Bioken  Ilill  (Aus- 
tralia) for  the  sejiaiation  of  zinc  and  lead 
sulphides;  in  these  the  present  tendencv 
towards  methods  involving  onlv  conipara 
lively  small  changes  in  physical  and  chemi- 
cal conditions  diiiiiior  flotation  is  fullv  con- 
sidered. 

Of  special  interest  in  South  Africa  are  the 
papeis  on  tlie  application  of  flotation  to 
gold  and  silver  oies  by  T.  A.  Rickard,  and 
on  the  cyaniding  of  flotation  concentrate  bv 
Chailes  Butters  and  J.  E.  Clcnell.  Papers 
on  laboiatorv  methods  used  in  testins  ores 
by  flotation  are  also  included. 

Tlie  "glossary"'  at  the  beginning  of  the 
book  contains  several  incorrect  and  mislead- 
ing "definitions."  Otherwise  the  book  is 
a'l  at  1 1  active  ])ublication. 

11. HA. 

MANUAL        OF        FLOTATION        i'HO 
CESSES,   by  Aitliur   F.  Taggart       New 
Voik:    .loiin    Wilev  k   Sons,    liic       Lon 
don      Chapman    6['  Hall,    Ltd        1921. 
The     value     of     Professor    Taggart 's     book 
lie.s   moto   ill   the   practical   infoi  ination    con 
tained    in    it    than    in    the     explanations     of 
fundamental    piinciples    given    in    the    intro- 
dnctoiy   <'liapter       The   latter   contains   some 
quite  extraoidinary  statements   without    aiiv 
experimental  evidence;  thus  we  are  told  that 
there  is  a  fundamental  difTerence    between    (lo 
tation    by  mixing  air.    ore    and    impure   water 
depending  on  whether  the  mixing  is  done  bv 
an     at;ilalor    or    bv     blowing      the      air      into 
the  alitady    niixe<l   oie  and   water  through   n 
|>orouN    diaphingin        Further,    it     is    xlaled 
thai    in   the   agitation    type  of    nwichiiio     the 
air    iH   r(;iitiniiallv    going    into    solution    onlv 
to   be  coiiveiiientlv    "ptriipitated"    again    on 
the  •iilphide  paiticleM.  Tliene  idcan  are  hoiiip 
what   novel  lo  bo  prrxented  in  a  "l/«boral<iry 
iiinniinl"  without   oiippnil  ing  evidem-e    There 
ii»  A   tendency    in    recent    literature   on    (Iota 
tion   to  difTert  lit  iale  iho  difTerrnl    iiiethodH  of 
notation  at  if  (oniidrralde  iliffereiicp  in  |iiin 
ciple  were   involved,   and    ProfoKnor  Tiiggnrt 
r«rrie«    ihi«    to    an    rxirrnir 


2ti2 


J'jui mil  of  Tlic  L'liemicul,  McfuUti ryiiul  and  Mining  Society  of  South  Africa.     June,   1922. 


Apart  froDi  tho  controversial  matter  in 
the  introductory  section  the  book  is  full  of 
useful  information,  both  for  the  student  and 
practical  man.  The  drawings  cf  machines 
are  detailed  and  the  instructions  on  testing 
very  elaborate.  The  flow-sheets  given  in  the 
chapter  on  "Mill  Data"  are  unfoitunately 
confined  to  American  mills;  similar  informa- 
tion on  })iocedure  at  Broken  Hill,  where  so 
much  development  in  flotation  has  taken 
place,  would  have  been  a  valuable  addition 
Some  useful  tables  and  metallurgical  for- 
mulae are  included   in  the  book. 

H.R.A. 


A  TEXTBOOK  OF  MINERALOGY,  by 
Prof.  E.  S.  Dana,  third  edition,  revised 
and  enlarged,  by  Piof.  W.  E.  Ford; 
pp.  720.  (London:  Chapman  &  Hall, 
Ltd..   1922.)     25/-  nett. 

Dana's  Textbook   of  Mineralogy   is  an   old 
and    familiar    friend.      In    our   student    days     \ 
we  have  sat  up  witli  him  many  a  late  night; 
and  ever  since  he  has  been  by  our  side.  We 
have  in  our  lime  introduced  him  to  many  a 
young    aspiiant    after    mineralogical     know- 
ledge, but  we  must  confess  that  of  late  years,     ■ 
with  so  manv  other  more  attractive  and  up- 
to-date  guides  available,  we  have  been  lather 
hesitant  to  do  so.      It  is  now  more  than  forty 
years  since   the    first    edition    of     tlie    work 
a])peared.      Our   own  copy,     now     with     bat      , 
(ered  covers  and    faded   piint,   is  the  second     ! 
edition,    which    first   saw    the   liglit    in    1898. 
No    wonder    that     it     has     fallen     somewhat 
behind   the  times,   and  tliat    the  student    not 
infrequently  consults  it    in   vain.      But   text- 
l)ooks,  hai)])ily,  unlike  our  other  friends,  can 
lenew  their  youth  and  attractiveness,  and  in     j 
looking     through     the     copy     of     the     third 
edition,    now    before   us,    we    are   pleased     to 
discover     that     such     a     transformation     has     i 
occurred.      We  find    that    throughout    it    has 
been    carefully   and   judiciously   revised,    and     [ 
that    ton   by   one    who   has   had    in    view    not     ! 
only    the   modernising   of  the   work   but    also 
its  presentation   in  such   a  form  as  to  lessen 
as  far  as  possible  tlu-  peculiar  diffirultips  that 
beset   the  student. 

Descending  to  details,  we  observe  that  in 
the  section  on  crystallography  several  minor 
faults,  both  of  omis>ion  and  commission,  in 
the  former  editions  have  been  rectified, 
while  the  treatment  of  the  various  projec- 
tions of  crystals  has  been  not  only  amplified 
but  considerably  sim])lified.  The  rewriting 
of   the    appendix    on    tlie   drawing   of   crystal 


figures  has  resulted  in  a  distinct  improve- 
ment. In  tlie  section  on  physical  mineralogy 
the  most  noteworthy  improvement  is  in  the 
treatment  of  the  optical  characters  of  min- 
erals, which  are  dealt  with  at  considerable 
length  and  in  a  very  lucid  manner.  The 
descri])tive  portion  of  the  work  has  been 
thorouglily  revised  and  brought  up  to  date, 
brief  accounts  of  a  large  number  of  mineral 
species  ihat  have  come  to  light  since  the 
issue  of  the  second  edition  having  been 
added. 

Tlie  new  edition  is  clearly  printed  and 
well  })rovided  with  illustrations,  manv  of 
them  entirely  new  From  v,hat  has  already 
been  said  it  will  be  evident  that  the  w-ork 
is  a  distinct  improvement  on  former  editions 
and   is  well  worthy  of  recommendation. 

R.B.Y. 

MINERAL      LAND      SURVEYING,      by 

James  Underbill,  Ph.D.,  Mining  En- 
gineer, U.S.,  Mineral  Surveyor  for 
Colorado,  third  edition  revised.  Pp.  237. 
Plates  3.  (London:  Chapman  &  Hall, 
Ltd.,    1922.)      17/6   nett. 

This  work  describes  the  methods  used  at 
the  present  time  in  the  survey  of  mineral 
lands  in  the  western  portion  of  the  United 
States.  The  author  does  not  claim  for  it  the 
role  of  a  textbook  of  general  surveying  which 
it  certainlv  does  not  fill.  Its  value  lies  in 
the  s])ecial  subjects  treated,  viz.,  the 
methods  of  determining  latitude  and 
azimuth,  use  of  solar  attacliments  to  the 
transit  theodolite,  conduct  of  location  and 
patent  surveys,  and  details  of  field  notes  and 
records.  A  chapter  is  devoted  to  the  ex- 
amination for  commission  as  a  United  States 
Mineral  Surveyor,  and  the  appendix  gives 
the  instructions  to  the  U.S.  Mineral  Sur- 
veyor. 

As  a  professional  vade  mecum  it  must 
serve  a  very  useful  purpose  to  those  prac- 
tising in  tlie  Western  States,  but  naturally 
would  not  contain  much  of  general  interest 
to  the  surveyor  practising  outside  of  these 
States. 

Looking  through  the  specimen  notes  one 
is  struck  by  use  of  the  antiquated  method 
of  recording  courses  by  compass  directionii. 
WHiy  not  assume  the  direction  of  the  meri- 
dian as  zer3  and  state  all  other  directions 
as  the  angle  made  with  the  meridian?  This 
is  tlie  method  used  in  geodetic  work,  and  is 
of  equal  utility  in  traversing.  The  conflict 
surveys    are   very    mystifying. 

^  '  '  G  A  W 
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Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY 

Bio-C'HEMitAL  Method.  —  Prof.  Arthur 
Harden,  D.-Sc,  Ph.H..  F.R.S.,  of  the  Lister 
Institute  of  Preventive  Medicine,  read  a  paper 
before  a  joint  meeting  of  societies  on  Bio- 
Chemical  Method,  dealing  mainly  with  vita- 
mines  or  atx-essory  food  factors. 

Rats  fed  on  purified  foodstuffs  lost  weight 
and  died,  whereas  on  adding  a  small  quantity 
of  milk  to  the  diet  those  rats  which  were  not 
too  far  emaciated   lec-overed. 

The  existence  of  three  vitamines  is  now  re- 
cognised, the  fat  soluble  A  vitamine.  the  water 
soluble  B  vitamine,  and  the  anti-scorbutic 
C   vitamine. 

Fat  sjluble  A  vitamine. — The  chief  sources 
of  this  vitamine  are  animal  fats,  fish  liver  oils, 
green  vegetables,  and  r-gti  yolk.  It  has  been 
found  that  weight  for  weight  cod  liver  oil  con- 
tains about  2lJU  tinier  as  mu<h  A  vitamine  as 
butter.  A  very  fn-cjuent  symptom  following 
up<jn  the  withdrawal  of  the  fat  soluble  A  vita- 
mine from  the  diet  is  xerophthalmia,  a  di.sease 
of  the  eye  characterised  by  opacity  of  the 
cornea. 

This  eye  dis4ase  was  alvf  prevalent  ninnngst 
young  ciuldren  in  Denmark  during  the  early 
vears  of  the  war.  and  was  due  to  the  children 
Win^  fed  on  .skimmed  milk  from  which  the 
A   vitamine  was  removed   with   the  butter. 

Water  soluble  B  vitamine  is  chiefly  present 
in  the  germ  of  seeds,  yea.st.  and  egg  yolk. 
K-"  on    rats    prr»ve<l    that    the    absenee 

ot  .ine   from    the   <liet   laUM-s   uitiniite 

death.  Milh  symptoms  very  similar  to  death 
from  Vm  ri-beri  in  man.  This  dis«'ase  follows  I'e 
It,  ion    of     a    diet     <iiin|Mise<l    f>f     p<ili»h  m1 

ri< which    all    the   vitamine   has   been    le- 

more<J    with   the   cuticle. 

\ I....      ^'    vitamine    (M-ciim     in     green 

v«  inlly      cabbages.      fruit      juices 

(|  My    oiange.    lenioii.    tomato,    and    to   a 

!•'  t    trti«-    liri'»-i«i'«-«- >     r'Mits.    tul»er'.     tur- 

II 1  : 

I.  .  <»    iirovtKl    the    most 

suitable  lor    sttKly.    tne    latter    giving 

M-urry  k^i..,.. almokt  jdeiitical  with  tho>e  of 

man. 

Kff««-t  of  heat  on  vitaminen.  -  Thin  id  iinjion- 
aiit  a«  bearing  on  the  crxiked  ffKid  (|iif»tioii. 
The   A    VI'  I*   n«»l    •     ■  <  ••plibh-   to   bent 

in    th*'    '•■  'f    "tr    ■  When    a    fat 

c«  .4    A    » 1  ■  1^    ii.il'  »rith    thn 

ei  '>f    air  <  tive    n  m    found 

III  'i    III    the    iiim;iponiri<iM<'    iii.'itter        The 

ii  !    hardening  of    'at*   b>    hvdri>geiiMtioii 

II 
f»«  t'.i 


de*troj«     the     fat     Mtluble     aceeiMir.v 


Ii   ritamine   i*   more 


••table  than   the   A.    h*unn 
either     air     or     bv 


irom 

I      ,1. 


r  r  .|(  I  <!>«  I  ■  \ 


imi 
an 


■  V 

.      .  V 

to  'fii  \S  hen  orange  )iiir««  t» 
aMtrwJMve  no  diminution  in 
hut   if  h(Mle<l   in  air  ita  •fllearx 


There  is  no  doubt  that  the  vegetable  king- 
dom is  the  prime  source  of  vitamines  and  that 
animals  are  incapable  of  synthesising  them  to 
any    apparent    extent. 

The  cod  fish  piobably  gets  its  large  amount 
of  fat  soluble  vitamine  from  the  marine  algae. 
— Professor  Artiur  H.\ruen",  D.Sc,  Ph.D.. 
F.R.S..  The  Chemical  Trade  Journal  and 
Chemical  Eitiiineer  (Society  of  Chemical  In- 
dustrv  and  Institute  of  Chemistrv),  January 
13.   1922.  p.  45.     (.H.D.B.) 

PR.\cTir.\i.  Ai'i'Lic.vTioxs  OF  Ei.ectro-Endo- 
Mosis  .\NU  C.vT.^HHORESis. — The  work  which  was 
issued  from  the  laboratory  of  the  Elektro 
Osmose  Aktiengeseilschaft  remains  the  largest 
contribution  to  industrial  application  of  the 
theoretical  laws  relating  to  elect ro-endomose 
and  cataphoresis. 

The  Schwerir  patents  applied  to  the  purifica- 
tion of  clay  form  the  most  interesting  practi- 
cal applications  ot  the  complicated  physical 
laws   dealing   with    colloids. 

It  has  been  discovered  that  suspensions  of 
many  varieties  of  clay  could  be  so  treated  by  a 
direct  current  of  electricity  as  to  bring  about 
the  deposition  of  the  clay  in  a  more  or  less  dry 
state,   on   a    negative   pole. 

It  was  found  that  all  clays  did  not  react,  and 
some  improvement  was  obtainetl  by  the  use  of 
suitable  electrolytes. 

The  addition  of  colloid  substances  often 
proved    advantageous. 

The  osmose  machine  applied  to  the  separation 
of  the  suspended  particles  of  clay  is  an  inter- 
esting example  of  the  application  of  compara- 
tively recent  physical  chemical  laws.  On  the 
anode  of  the  osmose  machine  the  negatively 
(barged  particles  are  deposited,  and  the 
moment  a  film  of  these  exists  over  the  anode, 
brought  about  by  catapiioresis.  elect  ro-endo- 
niose  comes  into  action,  and  the  « ater  in  and 
around  the  clay  is  i-lectricaily  driven  throiigh 
the  capillary  spaces  resulting  from  the  close 
contact  of  the  clay  particles  deposited  on  the 
aiiiKle. 

The  proces.s  has  Im-imi  used  f<ir  the  rec»)very 
of  |>eat  from  colloidal  peat  suspensions,  split- 
ting up  of  silieate  of  soda.  and.  Iiy  the  use  of 
suitable  diaphragms,  a  very  pure  gelatine  has 
been  vparated  from  a  very  lo«  grade  gelatine, 
and   even   from   glue. 

A  •'>  [)er  c«Mit.  solution  of  this  pure  gelatine 
has  succewifully  resisted  bacterial  growths  for 
inonthH. 

The   priN-eHK  bus  hIm)  been   iiM-d   in   tin*   tannin 

trade,    and    for    ore    separation.  It     has    been 

found   that    if   a   finely   ground  on-   bi-   suspended 

Ml    water    in    many    cases    it    is    possible    to    add 

.    of     ele«trolvte     wbli'll     ii  le     seleeljvely     ab- 

' 'I       On    allowing   siicli    finely    gi'iniiid   ore    to 

lali    through    a    r-olutiiii    of    water    to    m  liieh    has 

bc4-ii    added    the    necissary    <|Uaiitity    of    suitable 

ele<  trolyt4<    and    on    puHMing    a    current    through 

the    water    lit    right    angles    to    the    path    of    the 

fnlling     particles,     the      ehargi-d      pailirles      an- 

11    on    one    side    and    fall    into    seimrute    re- 

irti-s.    bringing    alMnit    coneenii  at  ion    of    thi> 

oif.      Iron   ore«  (H'ciirring   in   clay   deposits   have 

lKH«n    colli «'itlraled    by    the    lenioval    of    the   clay 

mibstane*-     on     the     lines     ulMiVe     descrilM'tl.--    I)|| 

W,    H.    OllMAMiV,    T/ir    I'hrmtinl    Tnidr    Juuriiiil 

unit    Chfiii'riil    Ku'iinrrr.     DecemlH'i       17,      1021. 

p.    7.VI.      l\\  I)  H  ) 
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ZlXC    PlKPlKATE    AS    A    ReAGEXT    FOR     MeRCVKY 

Salts. — Tlu-  reagent  is  prepared  by  heating 
2  g.  of  uric  acid  with  2  c.c.  of  nitric  acid  (4U° 
B..  sp.  gr.  1.3J*).  dihiting  the  solution  with  2 
c.c.  of  water,  continuing  the  heating  until  a 
clear  liquid  is  obtained  and  diluting  this  to 
KX)  c.c. ;  if  10  c.c.  of  tliis  liquid  is  boiled  for 
five  minutes  with  the  addition  of  2  g.  of  granu- 
lated zinc,  a  yellow-orange  coloration  develops 
due  to  the  fornuition  of  zinc  purpurate.  When 
a  mercuric  salt  solution  is  treated  with  a  small 
(luantity  of  the  zinc  purpurate  solution  and  a 
it^w  drops  of  sodium  acetate  solution,  a  peacli- 
blossom-coloured  precipitate  of  mercury  pur- 
purate is  produced.  The  reaction  may  be  ob- 
tained with  as  little  as  0.4  mg.  of  mercury  per 
c.c.  of  solution.  Silver  salts  yield  a  violet- 
coloured  precipitate  with  the  reagent. — G. 
1)knk;es.  Bull.  Soc.  Pharni.  Bordeaux.  Journal 
i-f  Siicietii  of  Cheinicul  Industry.  October  15. 
lt)21  p.  693a.     (A.W.) 


Miners'  Nystagmus. — The  first  report  of  the 
.Miners'  JSvstagmus  Committee,  which  consists 
of  Dr.  j".  S.  Haldaiie.  F.R.S.  (Chairman). 
Professor  K.  L.  Collis.  M.D..  .M.U.C.P..  Dr. 
T.  L.  Liewellvn  (Secretary).  .Mr.  G.  H.  Pooley, 
F.li.C.S..  and  Dr.  W.  H.  Rivers.  F.R.S.,  has 
been  issued  by  the  Medical  Research  Council  of 
the  Privy  Council.  The  Committee  have  unani- 
mously  arrived    at    the   following   conclusions:- — 

(1)  The  essential  factor  in  the  j)roduction  of 
miners'  nystagmus  is  dericicnt  illumination. 
Other  .factors,  such  as  position  during  work, 
accidents,  alcoholism,  infections,  malnutrition, 
hereditary  jjiedisposition.  and  errors  of  refrac- 
tion, are  of  secondary  importance  only,  while 
deiith  of  workings,  thickness  of  seams,  and  the 
ordinary  gaseous  impurities  in  mine  air  have 
no  direct  iiiHueiice  on  the  disease. 

(2)  The  deficient  illumination  is  due  to  the 
low  illuniin.iting  power  of  the  safety  lamps  gen- 
erally used  l)y  coal  miners,  to  the  distance  to 
which  these  lamps  have  to  be  placed  from  the 
ol)jects  which  the  miner  has  to  look  at.  and  to 
the  great  absorption  of  light  by  the  coal  and 
the  coal-dust  covered  surfaces.  In  addition  the 
effect  of  coal-dust  or  dirt  in  obscuring  the 
lamp  glasses,  the  choking  of  the  wire  gauze 
chimneys,  and  the  presence  of  moisture  or  low 
oxygon  percentage  in  mine  air.  all  reduce  the 
light  given  by  oil  lamps,  while  failing  voltage, 
l>oor  bulbs,  or  lack  of  proper  attention,  have 
sMiiilar  effects  on  the  illumination  given  by 
ele<tiic   lamps. 

(3)  Workers  at  the  coal  face  are  more  affected 
than  other  underground  workers,  and  this  aj)- 
l>ears  to  be  due  to  the  unrelieved  bhukness  of 
the  coal  and  the  greater  need  for  accurate 
vision. 

(4)  Distinct  signs  of  nystagmus  are  present 
in  a  large  proportion  of  coal  miners,  though 
only  in  a  small  proportion  do  the  .symptoms  ever 
become  so  severe  as  to  cau.se  even  temporary 
incapacity   for   work    nmhiground. 

RECOMMENDATIONS     IIV    THE    COMMITTEE. 

The  Committee  recommend  that  siiue  in- 
capacity due  to  nystagmus  is  rare  among  coal 
miners  working  with  oi)eii  lights,  everything 
possible  should  be  done  to  make  the  standard 
of   illumination   of   the   objects   looked    at   by    the 


miner  equal  to  that  of  an  open-light  pit.  This 
can  be  effected  at  the  coal  face  ami  elsewhere 
either  by  greatly  increasing  (to  about  two  or 
three  candles)  tlie  illuminating  j)ower  of  safety 
lamps,  as  ordinarily  used,  or  by  the  use  of  an 
electric  light  capable  of  being  fixed  on  a  miner's 
head,  belt,  or  other  convenient  position,  so 
that  the  light  is  automatically  brought  nearer 
the  working  aiea.  and  does  not  impair  clear 
vision  by  shining  directly  into  the  eyes.  At 
jiaits  of  the  i)it  other  than  the  coal  face  the 
visibility  of  objects  can  be  greatly  increased  by 
wliitew  ashing,  as  well  as  by  the  stone  dusting 
now  obligatory  foi'  the  i)reveiitioii  of  explosions, 
'llie  Committee  believe  that  by  the  ajjplication 
of  these  remedies  miners'  nystagmus  of  suf- 
ficient severity  to  cause  disableinent  can,  by 
degrees,   be  entirely  prevented. 

During  their  investigations  the  Committee 
have  noticed  the  jirevailiiig  belief  among  coal 
miners  that  miners'  nystagmus  causes  perma- 
nent damage  to.  or  even  total  loss  of,  sight  if 
underground  work  is  continued  after  the  onset 
of  symptoms.  This  belief,  which  is  entirely 
erroneous,  has  led  to  much  unnecessary  suf- 
fering, and  to  the  development  of  p.sycho- 
neurotic  symptoms  in  many  cases.  The  dis- 
ablement resulting  leads  to  great  loss  to  the 
miners,  and  increases  the  charges  on  the  indus- 
try   ami    general    public. 

AN    INCAI'ACITV     AIM'EAL. 

'J'lie  Committee  recommend  that  both  work- 
man aiul  employer  be  granted  jiower  to  ajipeal 
to  the  medical  referee,  at  intervals  of  not  le.ss 
than    six    months    from    the    original    certificate 

of  disablement  or  date  of  last  appeal,  to  assess 
the  incapacity  present.  In  this  appeal  the 
medical  referee  should  certify  that  the  man 
is  either:  (I)  Totally  incajiacitated ;  (2)  parti- 
ally incapacitated  (ci)  fit  for  surface  work,  (b) 
fit  for  suitable  work  below  ground;  (3)  not  in- 
(•:i])a(itated. — Committee,  ('ixd  ond  Iron  and 
Bu-I'rn.hufs   Journal.   April   22,    1922.    (J. A.W.) 
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